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Preface 


Tha  purpoaa  of  this  study  was  to  dascrlba  an  aircraft 
that  would  ba  logiatically  idaal.  Tha  raaulta  of  this  study 
ara  ax pact ad  to  sarva  as  a  basis  for  furthar  rasaarch  whan 
consi daring  logistics  issuas  during  tha  lifa  cycla  of 
aircraft.  In  addition,  this  study  could  ba  usad  as  an  aid 
to  raduca  tha  problem  of  trying  to  maintain  increasingly 
complex  weapon  systems. 

This  study  was  conducted  using  a  Delphi  method  to  raach 
a  concensus  on  topics  of  a  theoretical  nature.  Topic  araas 
includadi  acquisition,  operational  requirements, 
requirements  determination,  logistic  supportabllity ,  battle 
damage,  and  maintainability,  to  name  a  few.  Participants 
usad  for  this  study  wars  senior  Air  Force  logisticians  on 
active  duty  or  retired  representing  various  viewpoints. 

In  conducting  this  study,  we  have  received  much  help 
from  others.  We  are  deeply  indebted  to  our  faculty  advisor, 
•Jerry  Peppers,  who  continued  to  help  and  guide  us  in  times 
of  extreme  frustration.  We  would  also  like  to  thank  our 
wives  Lynne  and  Llnnea  for  their  understanding  and  patience 
on  those  days  we  were  burdened  with  a  large  workload. 

Finally  we  would  like  to  thank  our  children  Owen,  Daniel, 
and  Nicholas}  and  Jay,  for  their  patience  and  a  promise  for 
more  attention  in  the  future. 

John  0.  Campbell 
James  D.  Carlin 
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Abstract 

The  purpose  of  this  research  waa  to  provido  a 
doacriptlon  of  a  logiatically  idoal  aircraft.  To  achiovo 
this  doacriptlon,  problems  of  currant  aircraft  mo to 
oxplorod.  From  thoao  problems,  poaaiblo  aolutlona  moto 
ldontifiod.  Finally,  this  information  mob  incorporated  into 
the  description  of  an  aircraft  that  is  loglstically  ideal. 
Some  of  the  topics  covered  in  this  research  include! 
acquisition,  operational  requirements,  requirements 
determination,  logistics  supportablllty,  battle  damage,  and 
mal nt al nabl 1 i t y . 

The  study  eas  conducted  using  a  Delphi  method  to  reach 
a  concensus  on  topics  of  a  theoretical  nature.  Participants 
for  this  study  eere  senior  Air  Force  logisticians  on  active 
duty  or  retired  and  distinguished  civilian  logisticians. 

The  Delphi  methodology  mss  used  to  elicit  expert  opinion 
concerning  major  logistics  problems  in  current  generation 
aircraft  and  Mays  to  avoid  these  problems  in  future 
generation  aircraft. 


A  DESCRIPTION  OF  A  LOB I ST I CALL Y  IDEAL  AIRCRAFT 


I.  Introduction 

The  Uni tad  States  commit*  vast  amounts  of  its  rasourcas 
to  protact  its  lntarasts  worldwide.  In  tha  face  of  a 
constantly  changing  thraat  anvironmant,  oldar  waapon  systams 
bacoma  obsolata  and  ara  no  longar  capabla  of  afficiantly 
par  forming  thair  missions.  Tha  acquisition  of  new  waapon 
systams  is  critical  to  tha  dafansa  of  tha  Uni tad  Stataa  and 
its  intarasts  abroad.  Tha  military  dapartmants  continually 
raassass  tha  thraats  to  tha  Uni tad  Statas  and  constantly 
saarch  for  afficiant  ways  to  countar  tha  thraats.  Oftan, 
tha  davalopmant  of  a  naw  waapon  systam  is  tha  most  afficiant 
way  to  countar  a  naw  or  anhancad  anamy  thraat.  Thasa  naw 
waapon  systams  ara  ganarally  highly  complaM  and  vary 
expensi va. 

In  tha  drlva  to  field  a  naw  waapon  system,  performance 
requirements  usually  ovarlde  logistical  requirements.  After 
all,  if  tha  waapon  system  does  not  perform  as  required 
against  tha  threat,  there  is  not  much  point  in  developing 
that  waapon  system.  However ,  if,  due  to  a  logistics 
problam,  that  waapon  systam  is  not  aval labia  for  its 
mission,  it  is  just  as  useless  as  if  it  did  not  meet  its 
performance  raquiramants.  "Systam  readiness  and 
sustainability  ara  aa  important  as  systam 
perf ormanca. " ( lOi 24) 


Emphasis,  therefore,  is  placsd  on  masting  parformancs 
raquiramants  without  compromising  logistic  requirements. 
O-ftan  this  bacomas  a  vary  difficult  task  bacausa  incraasad 
complexity  is  often  required  in  a  weapon  system  to  meat 
operational  raquiramants  and  simplicity  is  the  key  for 
meeting  logistical  raquiramants.  However,  history  shows 
that  naw  weapon  systems  continue  to  become  more  complex. 

The  technological  complexity  of  new  weapon  systems  is 
growing  at  an  exponential  rate. (18i 112)  This  Increasing 
complexity  has  had  an  impact  on  the  ability  of  the 
Department  of  Defense  to  maintain  these  weapon  systems.  In 
fiscal  year  (FY)  1983,  the  Department  of  Defense  (DQD) 
dedicated  over  37X  of  its  manpower  and  13X  of  its  budget  to 
the  maintenance  of  its  weapon  systems  (lSi IXX-162, IV-8,9) . 
This  represents  a  significant  outlay  of  DOD  resources. 

The  ultimate  logistical  goal  is  to  eliminate  the  need 
for  routine  logistics  support.  The  perfect  aircraft  would 
be  delivered  by  a  contractor,  ready  to  perform  its  mission. 
From  that  point  on  it  would  require  no  logistical  support. 
The  fuel  would  be  of  a  self-generating  nature  and  would  not 
require  servicing.  The  weaponry,  if  it  were  not  a  transport 
aircraft,  would  be  renewable,  possible  some  sort  of  laser  or 
particle  beam  weapon.  The  subsystems,  such  as  avionics, 
engines,  and  so  forth,  would  not  fail  but  be  perfectly 
reliable.  Even  the  aircraft's  landing  gear  would  not  be 
susceptable  to  wear,  as  contrasted  with  current  tires  and 
brakes.  The  crew  could  fly  its  mission  and,  immediately 


upon  landing,  another  craw  could  taka  off  and  fly  anothar 
mission  in  tha  sama  aircraft  without  anything  baing  dona  to 
it.  Tha  only  rapalrs  that  would  avar  ba  raquirad  would  ba 
thosa  dua  to  battla  damage,  savara  weather,  aircraft 
accident,  and  tha  lika. 

Of  course,  this  tachnology  is  not  avai labia  to  us  yat. 
Tha  next  ganaration  aircraft  will  not  ba  logistlcally 
par fact ,  but  soma  improvamants  avar  currant  aircraft  must  ba 
mada.  How  can  wo  achiava  thosa  improvamants  in  futura 
aircraft?  What  do  wa  want  in  1990  or  2000?  (6>  Tha  bur dan 
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of  support  systam  raquiramants  must  ba  ramovad  from 
op ar at ions  but  how  should  this  ba  dona?  Naw  approachas  must 
bo  mada  to  salvo  tha  logistical  problams  inherent  in  present 
day  aircraft. 

Purpose  of  tha  Study 

This  rasaarch  will  outline,  in  a  broad  perspective,  the 
olamonts  nocassary  for  developing  a  logistlcally  ideal 
aircraft.  Soma  araas  to  ba  studied  include  acquisition, 
operational  raquiramants,  raquiramants  datarmi nation, 
transportation,  supply,  maintainability,  durability,  and 
logistic  supportabllity.  Tha  results  of  this  rasaarch  are 
expected  to  serve  as  a  basis  for  further  rasaarch  whan 
considering  logistics  issues  throughout  tha  life  cycle  of  an 
aircraft.  This  rasaarch  may  be  used  as  an  aid  to  reducing 
tha  problem  of  trying  to  maintain  increasingly  complex 
systems. 


*  .  •  .  *  .  •  . 
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Background 

At  any  tins  Air  Force  aircraft  may  ba  daployad  to 
tactical  battla  fronts  anyMhara  in  tha  world  to  protact 
Uni tad  Statas  lntarasta.  Mora  frequently,  flying  units  ara 
daployad  worldwide  to  show  Uni tad  8tatas  rasolva  through  a 
show  of  forca  or  to  damonstrata  a  Uni tad  Statas  prasanca. 
Bacausa  currant  aircraft  raly  haavlly  on  logistics  support 
to  perform  thair  mission,  operational  commanders  ara 
burdened  with  a  long  logistics  pipeline  back  to  tha  United 
Statas  for  support  of  thair  aircraft.  Another  burden 
commanders  experience  is  being  required  to  bring  along  largo 
numbers  of  maintenance  and  other  support  personnel  and 
equipment  to  any  base  to  which  tha  unit  is  deployed.  This 
compounds  tha  problem  of  tha  initial  deployment.  Sufficient 
airlift  must  bo  dedicated  to  transport  tha  required 
maintenance  end  support  functions  to  the  now  operating 
location.  If  a  number  of  flying  units  are  being  deployed 
simultaneously,  there  may  not  be  sufficient  airlift  to 
support  the  deployments.  This  would  result  in  a  reduction 
in  capability  in  the  deployment  area  that  could  jeopardize 
the  purpose  of  the  mission. 

The  effectiveness  of  the  unit  is  not  just  a  function  of 
the  performance  capability  of  the  aircraft  but  is  also  a 
function  of  the  amount  of  support  required.  An  aircraft  is 
useless  when  it  sits  on  the  ground  being  serviced.  An 
aircraft  may  as  well  not  be  at  the  battle  front  if  it  is 
grounded  waiting  for  a  replacement  hydraulic  pump,  or  any 


other  replacement  part,  to  ba  ahippad  from  tha  Uni tad 

States.  Ralianca  such  as  this  tands  to  diminish  tha 

ef fecti vanass  of  that  aircraft.  "Thay  CsircraftD  cannot 

require  larga  amounts  of  support  equipment  and  par sonnal  for 

mission-critical  subsystems,  such  as  avionics  and  anginas" 

<13a3).  Aircraft  critical  to  tha  dafansa  of  tha  United 

States  should  not  be  heavily  dependant  on  logistics  support. 

A  reduction  in  logistics  support  requirements  would  increase 

tha  availability  of  an  aircraft.  "Ultimately,  tha  limiting 

factor  on  what  any  military  force  can  do  depends  on  its 

logistics  support"  <Ui2).  Going  bayond  this,  tha  limiting 

factor  on  what  any  military  forca  can  do  is  a  function  of 

its  dependence  upon  logistics  support. 

Logistics  considerations  also  heavily  affect  life  cycle 

cost.  Generally,  attention  is  focused  on  the  cost  of  buying 

a  new  weapon  system,  while  life  cycle  cost,  or  the  cost  of 

buying  and  maintaining  a  weapon  system  over  its  expected 

life,  is  given  less  attention. 

The  need  to  address  total  system  life  cycle 
cost  (in  lieu  of  acquisition  cost  only)  is 
evident,  and  experience  has  Indicated  that 
logistics  support  constitutes  a  major 
contribution  to  life  cycle  cost.  (Ii51) 

Life  cycle  costing  is  an  effective  way  of  quantifying 

logistics  supportability.  Increasing  life  cycle  cost 

indicates  decreasing  supportability.  Recently,  operating 

and  support  costs  have  grown  so  rapidly  they  now  dominate  as 

the  major  element  in  a  system's  total  life  cycle  cost. <17i5> 


Operating  and  support  costs  ars  ths  costs 
of  opsration,  maintainancs,  and  ths  follow 
on  logistics  support  of  ths  and  ltsm  and 
its  associatad  support  systems. (16i 107) 

Uni ass  additional  emphasis  is  placad  on  lifs  eye la  costs 

during  ths  development  and  acquisition  phases  of  a  new 

wsapon  system,  operating  and  support  costs  will  continue  to 

dominate. 

Logistics  factors  need  more  consideration  in  aircraft 

design  and  development.  "Logistics  considerations  are  often 

vague — even  unrealistic.  Logistics  factors  must  be  just  as 

carefully  identified  and  planned”  (12ii6).  Poorly  defined 

logistics  design  parameters  cannot  be  translated  into 

verifiable,  achievable  goals  for  the  contractor.  <9i70> 

Logistics  planning  should  be  done  early,  for  decisions  about 

the  systems  requirements  made  prior  to  full  scale 

development  have  been  found  to  determine  approximately  BSX 

of  the  total  life  cycle  cost. (7i9) 

A  great  deal  of  the  impact  on  projected 
life  cycle  cost  for  a  given  system  or  product 
stems  from  decisions  made  during  the  early 
phases  of  product  planning  and  conceptual 
design.  Decisions  made  at  this  point  have  a 
major  effect  on  operations  in  all  subsequent 
phases  of  the  life  cycle.  As  logistics  costs 
assume  major  proportions,  it  is  essential  that 
logistics  support  be  considered  at  the  early 
stages  of  system/product  planning  and  design. (iiSl) 

Proper  logistics  planning  would  decrease  the  requirements 

for  logistics  support  after  the  aircraft  has  been  fielded 

operationally. 


For  tho  perfect  logistics  aircraft,  life  cyels  cost 
Mould  bo  tho  sooo  so  initial  acquisition  cost.  Thors  Mould 
bo  no  support  costs  for  this  weapon  system.  A  flying  unit's 
of f octi vonoss  Mould  bo  lioitsd  only  by  tho  number  and 
qualif i cation  of  tho  flight  cress  it  has  to  fly  tho  unit's 
available  aircraft.  For  tho  next  generation  aircraft,  lifo 
cycle  cost  must  come  closer  to  acquisition  costs  and 
dependence  upon  logistics  support  must  be  reduced. 

Problem  Statement 

All  aircraft  developed  by,  or  for,  the  military  have 
some  types  of  logistic  problems.  What  are  some  of  the 
specific  items  that  should  be  considered  in  the  planning  of 
future  aircraft  to  avoid  the  logistic  problems  of  current 
aircraft?  This  research  effort  Mill  not  be  an  attempt  to 
design  an  aircraft  to  solve  logistic  problems,  but  Mill 
describe  one. 

Research  Questions 

The  folloMing  research  questions  were  developed  to 
support  the  overall  objectivei 

1.  What  are  the  logistic  problem  areas  currently 
being  encountered? 

2.  How  could  these  problems  have  been  avoided  in 
the  design  or  planning  stage? 

3.  How  can  these  solutions  be  fitted  to  a  logis¬ 
tical  ly  ideal  aircraft? 


Summary 

To  summarize,  thm  pmrtlnmnt  facta  praaontad  in  thia 
chapter  includai 

1.  New  aircraft  acquiaition  raaulta  from  thm 
inability  of  older  aircraft  to  adapt  to  a 
changing  threat  environment. 

2.  Log i at ice  requirements  are  generally  either 
to  defined  or  are  set  aside  to  ensure  the 
aircraft  meets  its  performance  requirements. 

3.  The  resulting  logistics  support  requirements 
inhibit  the  operational  effectiveness  of  the 
aircraft  and  drive  up  its  life  cycle  costs. 


II.  Methodology 


Chapter  Overview 

The  objective  of  this  research  waa  to  identify  the 
logistic  problems  of  present  day  aircraft  and  identify 
possible  solutions  to  use  in  describing  a  logistically  ideal 
aircraft.  A  three-phase  research  plan  was  developed  to 
accomplish  this  objective.  The  three  phases  lncludedi  (1) 
Identification  of  problems,  (2)  Identification  of  possible 
solutions,  and,  (3)  Description  of  the  logistically  ideal 
aircraft. 

In  phases  one  and  two,  expert  opinion  was  solicited  to 
(a)  identify  logistical  problems  of  present  day  aircraft 
which  reduce  the  standards  described  in  phase  one  and  (b> 
identify  passible  solutions  to  those  problems  described  in 
part  (a).  Phase  three  described  the  ideal  aircraft  from  a 
purely  logistical  perspective. 

Identification  of  Problems 

The  purpose  of  phase  one  was  to  identify  logistical 
problems  inherent  in  present  day  aircraft  which  reduce  the 
logistic  supportabi 1 1 ty  of  those  aircraft.  To  accomplish 
this  objective,  experts  were  asked  to  discuss  logistical 
problems  they  have  experienced  that  pertain  to  aircraft 
acquisition.  In  addition,  they  were  asked  to  discuss 
logistical  problems  they  may  have  experienced  in  an 
operational  environment.  For  this  research,  an  axpert  was 


an  individual  Mho  had  experience  in  tho  logiatica  field  and 
had  riean  to  a  level,  within  their  profession,  that 
identifiea  thee  aa  a  competent  and  qualified  logistician. 

Due  to  the  large  number  of  candldatea  that  could  fit  our 
definition  of  "expert",  it  was  appropriate  to  aaople  rather 
than  conduct  a  cenaua  of  opinion. 

The  eample  from  the  target  population  waa 
repreeentatlve  of  three  general  areaa.  FI rat,  senior  Air 
Force  logietldana  repreaentlng  practical  experience  in  Air 
Force  planning  and  operational  aecond,  senior  Air  Force 
logisticians  repreaentlng  practical  experience  in 
headquarters  operations  and  maintenance  areasi  and  third, 
retired  military  logistics  personnel  representing  a  mix  of 
planning,  operations,  and  maintenance  at  all  levels  of  Air 
Force  activity.  This  method  of  sampling  was  expected  to  be 
representative  of  the  target  population. 

Criteria  was  established  in  each  general  area  for 
inclusion  in  the  study.  The  senior  Air  Force  logisticians 
representing  experience  in  planning  and  operations  were  on 
active  duty  and  serving  in  the  grade  of  0-5,  88-14,  or 
above.  The  senior  Air  Force  logisticians  representing  major 
command  headquarters  were  on  active  duty  and  serving  in  the 
grade  of  0-5,  88-14,  or  above.  Finally,  the  third  group 
qualif i cations  were  self  explanatory.  The  sample  was 
neither  collectively  exhaustive  nor  mutually  exclusive.  In 
addition,  the  sample  may  not  have  been  representative  of  the 


tar  gat  population  bacausa  a  larga  amount  o-f  data  waa  baaad 
on  paraonal  judgamanta  which  may  vary  from  par aon  to  paraon. 

Tha  Dal phi  mat hod  waa  uaad  to  obtain  axpart  opinion. 

Tha  Dal phi  mathod ,  davalopad  by  tha  Rand  Corporation,  la  a 
mathod  of  forcaating  probabla  futura  avanta  and  tranda,  aa 
wall  aa  aolvlng  thaoratlcal  problama.  Tha  nama  waa  takan 
from  tha  oracla  of  Dalphi  in  tha  Oraak  city-atata  of  tha 
aama  nama.  Prom  tha  aavanth  cantury  B.C.  until  tha  flrat 
cantury  A.D. ,  tha  oracla  of  Dalphi  waa  conaultad  by  many  to 
forcaat  what  tha  futura  would  bring.  Tha  Dalphi  mathodology 
la  aMplainad  latar  in  thla  chap tar. 

Tha  Dalphi  mathod  waa  uaad  in  thia  raaaarch  for  two 
raaaona.  Firat,  tha  axparta  could  not  all  bo  locatad  at  a 
alngla  location.  Tharafora,  a  moating  with  all  aaloctod 
axparta  waa  not  poaaiblo  bacauaa  of  individual  commitmonta 
and  funding  conatrainta.  Bocond,  tha  quaationa  to  ba  aakod 
war a  thaoratlcal  in  natura.  Baaad  on  thaaa  conatralntaf  tha 
Dalphi  mathod  waa  aalactod  aa  tha  moat  appr opr lata  mathod 
for  coilacting  axpart  opinion. 

Idantl ft cation  of  Poaaiblo  8olutlona 

Tha  purpoaa  of  phaaa  two  waa  to  idontify  poaaiblo 
aolutiona  to  tha  logiatic  problama  dlacuaaad  in  phaaa  ona. 
Thia  objactivo  waa  accompli ahad  uaing  tha  Dalphi  mathod 
daacribad  latar  in  tha  chap tar.  Ex porta  warm  aakad  how  tha 
logiatic  problama  provioualy  idontiflad  could  bo  corroctod 
or  avoidad  in  tha  futura.  Tha  axparta  uaad  for  thia  phaaa 


m ere  the  same  as  those  used  for  phase  one.  This  phase  mss 
critically  ieportant  for  two  reasons.  First,  the  results  of 
this  phase  were  used  to  describe  the  ideal  logistical 
aircraft.  Once  the  logistical  problems  were  identified,  it 
mss  necessary  to  identify  possible  solutions  for  those 
problems.  These  solutions  mots  based  on  the  personal 
Judgement  of  experts  using  the  Delphi  method. 

Second,  it  helped  validate  the  problems  identified  in 
phase  one.  Normally,  nhen  logistics  problems  occur,  an 
attempt  is  made  to  identify  the  cause  of  the  problem  and 
some  sort  of  action  is  taken  to  correct  the  problem.  The 
corrective  action  may  be  permanent  or  temporary  based  on  the 
magnitude  of  the  problem,  the  amount  of  time  available  to 
correct  the  problem,  or  the  funding  available  for  correction 
of  the  Identified  problem.  If  the  corrective  action  is 
permanent,  no  further  action  is  taken  and  the  problem  is 
considered  resolved.  When  the  corrective  action  is 
temporary,  same  action  is  expected  in  the  future  to 
permanently  solve  that  particular  logistical  problam. 

These  temporary  actions  wars  the  areas  this  research 
attempted  to  identify  because  those  actions  did  not  result 
in  resolved  problems.  Possible  solutions  to  those  types  of 
problems  eers  used  in  describing  a  logistical ly  ideal 
aircraft.  The  permanent  corrective  actions  were  not  used  in 
this  research  effort. 


Ones  possible  solutions  mstb  identified  and  s  consensus 
had  boon  reached  by  the  experts,  the  description  of  an  ideal 
logistical  aircraft  began.  Before  discussing  phase  three  of 
the  research  plan*  it  is  appropriate  to  discuss  the  Delphi 
method  in  greater  detail. 

Delphi  Method 

Since  mathematical  models  cannot  be  used  to  solve 

theoretical  problems  and  questions ,  the  Rand  Corporation 

developed  a  method  of  soliciting  expert  opinion  to  ansMer 

questions  of  a  theoretical  nature.  Dal key  described  the 

Delphi  method  as  follows  (3il)i 

Delphi  is  the  name  of  a  procedure  for 
eliciting  and  refining  the  opinions  of  a 
group  of  people.  In  practice,  the  proced¬ 
ures  would  be  used  with  a  group  of  experts 
or  especially  knowledgable  invldi duals. 

This  method  uses  an  Iterative  procedure  to  obtain  a 

concensus  from  experts.  Iterative  feedback  aids  in 

developing  a  final  concensus  from  the  experts  by  allowing  a 

free-flow  of  information  among  the  experts  and  opportlnlty 

to  rethink  a  question. 

Experts  are  used  in  the  Delphi  method  because  of  their 
extensive  knowledge  and  experience  concerning  a  particular 
subject  area.  One  Rand  researcher  discussed  the  reason  for 
using  experts  <2i 13) i 

We  use  an  expert  because  he  has  at  his 

disposal  a  large  store  of  background  know- 


1 edge  and  a  cultivated  ■•naitivity  to  its 
rslsvancs  which  permeates  his  intuitive  in¬ 
sight.  We  need  a  consensus  of  experts 
because  individual  experts  will  disagree  and 
are  unwilling  to  rely  on  the  Judgement  o-f  a 
single  specialist. 

For  this  research,  we  defined  an  expert  to  be  an  individual 
experienced  in  the  logistics  field  and  who  has  risen  to  a 
level,  within  his  profession,  which  identifies  him  as  a 
competent  and  qualified  logistician. 

The  Delphi  method  is  not  Just  a  technique  for  simply 
generating  opinions  about  a  subject  area.  Respondents  are 
also  asked  to  give  reasons  for  their  expressed  opinions  and 
these  reasons  may  be  subjected  to  a  critique  by  fellow 
respondents  (2i3).  The  reason  for  an  expressed  opinion 
along  with  the  critique  of  that  opinion  by  fellow 
respondents  is  a  major  factor  in  reaching  a  consensus.  As 
the  opinions  and  critiques  are  reviewed  and  refined  by  all 
respondents,  a  concensus  emerges. 

For  most  subject  areas,  more  than  one  iteration  will  be 
needed  to  reach  a  consensus.  Past  uses  of  the  Delphi  method 
have  occasionally  produced  a  consensus  in  as  few  as  one 
Iteration  and  rarely  are  more  than  three  iterations  needed. 
According  to  one  Rand  report,  it  is  not  uncommon  for  a 
concensus  to  be  reached  in  two  Iterations  (Si5).  It  was 
expected  that  two  iterations  would  be  needed  to  reach  a 
concensus  for  this  research  effort.  The  first  iteration 
commenced  when  the  selected  experts  were  sent  a 
questionnaire.  The  experts  were  asked  to  complete  the 


questionnaire  and  provida  supportive  rational*  -for  thair 
opinion*.  Th*  saeond  i tar at ion  providad  feedback  to  thair 
original  responses  and  raquastad  critiques,  comments,  or 
aKplanation*  from  fallow  raapondants.  This  faadback  allowad 
aach  raspondant  to  modify  thair  response  or  continue  with 
thair  previous  response.  Th#  respondents  providad 
additional  support  for  thair  opinions.  This  procadura  was 
repeated  until  a  consensus  was  reached. 

Consensus  Criteria 

A  consensus  was  to  ba  achieved  whan  more  than  sixty 
percent  of  the  respondents  agreed  on  a  topic  area.  Tha 
sixty  percent  was  basad  upon  tha  actual  number  of  active 
participants  and  not  tha  number  of  experts  originally 
selected  to  participate.  Sixty  percent  was  selected  because 
that  represents  a  three-fifths  majority  on  that  particular 
topic  area.  It  was  expected  that  several  topic  areas  were 
identified  in  the  questionnaire  distributed  to  the  experts. 
Those  topic  areas  not  achieving  a  sixty  percent  consensus 
were  considered  "no  consensus  reached"  topics.  The  criteria 
for  terminating  the  iterations  was  when  at  least  fifty 
percent  of  the  topic  areas  identified  in  the  original 
questionnaire  reached  consensus. 

Questionnaire 

The  Delphi  questionnaire  was  compiled  so  there  would  be 
no  leading  questions.  The  spontaneity  of  expert  opinion  was 
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expected  to  come  from  op on  questions.  Also,  ths  longth  of 
tho  questionnaire  was  designed  to  roqulrs  no  mors  than  ons 
hour  to  complete.  To  validata  ths  quastionnairs  against 
both  of  thass  requirements,  ths  qusstlonnairs  was  submitted 
to  logistic  instructors  at  tho  School  of  Systems  and 
Logistics,  Air  Force  Institute  of  Technology.  The  results 
of  the  pretest  were  incorporated  into  developing  the  first 
round  questionnaire. 

Rules  for  administering  the  Delphi  questionnaire  and 
the  first  round  questionnaire  are  contained  in  appendix  A. 

Advantages  of  Delphi 

The  Delphi  method  has  several  significant  advantages. 

First,  the  negative  effects  of  group  interaction  is 

eliminated.  A  Rand  research  report  states  <3i2-3)i 

Delphi  reduces  undalnted  aspects  of  group 
interaction  (i.e.  dominance  of  an  individual, 
group  pressure,  etc.)  ...  by  anonymity, 
controlled  feedback,  and  statistical  "group 
response. 

The  report  explains  how  anonymity,  controlled  feedback,  and 
statistical  "group  response"  aid  in  reducing  the  negative 
effects  of  group  interaction.  Anonymity  is  a  device  to 
reduce  the  effect  of  the  socially  dominant  individual  (3i3). 
A  dominant  personality  in  a  group  can  influence  the  decision 
of  others  in  the  group.  In  a  military  setting,  such  as  the 
panel  of  experts  used  for  this  research,  rank  could  play  a 
role  to  influence  another  person’s  decision.  Anonymity 


eliminates  these  effects.  Controlled  feedback  reduces 


noiM,  that  is,  irrelevant  or  redundant  material  which 
obecuree  the  directly  relevant  material  offered  by 
participants  (3i3>.  The  feedback  provided  to  the  experts  is 
filtered*  using  the  Delphi  method*  and  contains  only 
pertinent*  constructive  information.  This  aids  in  surfacing 
only  the  neceseary  information  needed  to  reach  a  consensus 
and  supressing  any  redundant  or  irrelevant  comments. 
Statistical  "group  response"  helps  reduce  the  group  pressure 
to  conform  which  is  present  in  face-to-face  discussions 
<3i3).  Xn  many  group  meetings*  there  is  some  pressure  to 
agree  with  stated  responses  instead  of  criticizing  them. 

This  effect  is  drastically  reduced  using  the  Delphi  method. 

A  second  advantage  of  the  Delphi  method  is  the 
elimination  of  scheduling  probleme.  Finding  a  con vi anient 
time  for  all  selected  experts  to  meet  at  a  selected  site 
could  be  extremely  difficult.  Using  the  Delphi  method*  the 
questionnaire  is  sent  to  the  participants  and  they  complete 
the  questionnaire  when  it  is  convlenient  for  them.  No 
meetings  are  required. 

Third*  the  participants  can  complete  the  questionnaire 
at  their  leisure  and  wherever  they  feel  comfortable.  This 
may  enhance  their  responses  when  compared  to  meeting  in  a 
group,  at  a  set  hour*  and  in  an  unfamiliar  location. 

Finally*  the  final  consensus  is  at  least  as  good  as  the 
result  of  a  committee  <4il).  Research  has  shown  that  the 
Delphi  method  will  produce  results  that  are  the  same*  or 


better,  than  a  committee.  However ,  aa  damcribad  above,  many 
nagativa  effecta  of  group  maatinga  ara  avoldad  or  raducad 
uaing  tha  Dal phi  mathod. 


Arqumonta  Agalnat  tha  Dal phi  Mathod 

Tha  baaie  argumant  againat  tha  Dal phi  mathod  ia  that  it 

viol at aa  baaic  aci anti  fie  raaaarch  raquiramanta. 

Analyaia  of  tha  convantional  Dal phi  indicataa 
it  doaa  not  aatiaf actorily  maat  tha  numaroua 
experimental  and  mathodologlcal  atandarda 
citad  for  taat  daaign,  itam  analyaia,  aubjact 
aampling,  ral lability,  validity,  adminlatratlon, 
intarpratation  of  findinga,  and  warranted  aocial 
uaa  <14iv). 

It  appaara  tha  aciantific  raaaarch  philoaophara  hava  not 
ambracad  tha  Dal phi  mathod  aa  a  valid  maana  of  conducting 
aciantific  raaaarch.  Howavar,  ainca  tha  Dalphi  mathod  ia 
uaad  to  obtain  a  conaanaua  about  thaoratical  concapta,  not 
raadlly  maaaurad  by  quantitative  tachniquaa  currently 
available,  it  ia  appropriate  to  uaa  for  thia  raaaarch 
effort. 


Summary  of  tha  Dalphi  Mathod 

Tha  Dalphi  mathod  waa  davalopad  by  tha  Rand  Corporation 
aa  a  maana  to  aolicit  expert  opinion  for  anawering  quaationa 
of  a  theoretical  nature.  The  Dalphi  method  uaaa  iterative 
feedback  to  achieve  a  conaanaua  of  export  opinion.  Exporta 
ara  uaad  bacauaa  of  their  extenaive  knowledge  and  axparianca 
about  aome  particular  aubjact  area.  Although  tha  Dalphi  haa 
not  bean  fully  accepted  by  aciantific  reaoarchara,  it  haa 


tha  advantage  o-f  producing  as  good  as,  or  batter  results 
than,  a  committee,  while  reducing  the  negative  effects  of 
group  interaction. 


Description  of  the  Ideal  Logistical  Aircraft 


The  purpose  of  phase  three  of  the  research  plan  is  to 
describe  an  ideal  logistical  aircraft  based  on  results  from 
the  Delphi  method  employed  in  phases  one  and  two.  The 
Delphi  method  will  identify  logistics  problems  with  present 
day  aircraft  and  possible  solutions  to  those  problems.  That 
information  will  be  used  to  describe  the  elements  which  will 


be  Included  in  the  ideal  logistical  aircraft. 


Summary 

This  chapter  has  outlined  a  three  phase  research  plan 
which  was  used  for  this  research  effort.  The  three  phases 
includedi  Identification  of  Problems!  Identification  of 
Possible  Solutions!  and  Description  of  the  Ideal  Logistical 
Aircraft.  Phases  one  and  two  used  the  Delphi  method  to 
reach  a  consensus  on  what  problems  currently  exist  with 
present  day  aircraft  and  possible  solutions  for  correcting 
those  problems.  The  Delphi  method  was  discussed  in  detail. 
Phase  three  discussed  how  the  ideal  logistical  aircraft  was 
to  be  described  using  the  information  obtained  from  the 
first  two  phases. 
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III.  Finding* 


Chapter  2  datailad  tha  rasaarch  plan  uaad  for  this 
rasaarch  projact.  Tha  plan  involvad  thraa  phaaas,  which 
includadt  Idantifi cation  of  Problamai  Idantifi cation  of 
Possibla  Solutions |  and  Discription  of  an  Idaal  Logistical 
Aircraft.  This  chaptar  will  discuss  tha  results  of  aach 
phasa  discussed  in  tha  rasaarch  plan. 

As  datailad  in  chaptar  2,  the  purpose  of  phasa  one, 
identification  of  problems,  was  to  identify  logistical 
problems  inherent  in  present  day  aircraft  which  reduce  tha 
logistic  supportability  of  those  aircraft.  Tha  purpose  of 
phasa  two,  idantifi cation  of  possible  solutions,  was  to 
identify  ramadias  to  correct  any  inherent  problems 
identified  in  phasa  one.  Tha  Delphi  method  was  used  to 
accomplish  this  objective.  Discussion  of  round  one  of  the 
Delphi  method  is  discussed  below. 

Round  One  of  the  Delphi  Method 

A  total  of  26  questionnaires  were  sent  out  for  round 
one.  Of  those  26  mailed  to  selected  respondents,  10  returns 
were  received  for  a  38%  response  rate.  The  questionnaire 
used  for  round  one  can  be  found  at  appendix  A.  The 
following  is  a  discussion  of  each  question  as  received  from 
those  responding  to  this  round i 


1 


.  AIRCRAFT  SUBSYSTEMS!  An  aircraft  csnsists  of  many 

subsystems  (ax.  airframa,  anginas,  ate).  List  and  rank 
ordar  what  you  considar  to  ba  tha  top  fiva  subsystams  as 
sourcas  of  logistic  problams  <Numbar  ana  baing  tha 
subsystam  with  tha  most  logistic  problams).  Plaasa 
explain  your  choicas  briafly. 

Numarous  subsystams  wars  idantifiad  by  tha  tan 
raspondants  as  baing  sourcas  of  logistic  problams.  Howavar, 
aighty  parcant  agraad  that  avionics  was  a  major  problam 
araa.  Dna  raspondant  said  currant  systems  ara  demanding 
more  and  more  tasks  to  ba  accomplished.  With  these 
additional  tasks  come  incraasad  sophistication  and  parts 
that  have  an  opportunity  to  fail.  For  example,  avan  with  a 
reliability  factor  of  .999,  a  subsystam  that  contains  SO, 000 
parts  can  laad  to  a  totally  unacceptable  subsystem 
reliability  factor. 

Fifty  parcant  agraad  that  anginas  wars  a  major  source 
of  logistic  problams.  Engines  raquira  operation  at 
extremely  high  tamper aturas  and  tend  to  ba  vary  complex  due 
to  the  requirements  the  anginas  must  meat.  Numerous 
component  parts  make  an  angina  and  these  parts  ara  subject 
to  high  failure  rates.  Whan  failures  occur,  traditionally, 
tha  angina  experiences  a  long  downtime  for  repair  and  is 
vary  costly  to  maintain. 

Other  subsystams  agreed  upon  by  more  than  twenty 
parcant  of  tha  raspondants  wars  hydraulics,  landing  gaar, 
airframa,  alactric/powar ,  fuel  systems,  flight  control,  firs 
control,  and  propulsion. 


2.  AIRCRAFT  COMPONENTS*  Identify  and  rank  order  what  you 
consider  to  be  the  top  five  aircraft  components  that 
cause  logistics  problems.  Please  briefly  explain  your 
choices. 

Numerous  components  were  identified  as  causing 
logistics  problems.  Fifty  percent  agreed  that  those 
components  Involving  a  black  box /LRU  (line  replaceable  unit) 
caused  the  most  problems.  Many  operational  units  are 
experiencing  modular  circuit  board  and  on-board  mini 
computer  component  shortages.  To  further  the  problem, 
significant  amounts  of  time  are  spent  by  personnel  trying  to 
isolate  faults.  These  problems  result  in  Increased 
maintenance  time  in  terms  of  time  to  repair.  In  addition, 
high  false  alarm  rates  occur  often  and  these  cause 
unnecessary  maintenance  actions.  This  large  number  of 
problems  cause  maintenance  units  to  work  harder  but  often 
not  necessarily  smarter  because  maintenance  problems  must  be 
Identified  and  corrected  as  quickly  as  possible.  One 
respondent  said  greater  emphasis  must  be  applied  to 
maintainability  and  function  of  an  aircraft  or  system, 
rather  than  who's  turn  it  is  to  get  a  contract.  More 
attention  in  this  area  would  result  in  a  better  product  and 
probably  decrease  maintenance  nightmares  significantly. 

Other  components  identified  by  at  least  twenty  percent 
of  the  respondents  include*  hydraulics,  pneudraulics,  fuel 
system  components,  radar,  actuators,  electronic  components, 
fuel  controls,  connectors,  avionics,  and  landing  gear.  One 
individual  indicated  that  these  problems  would  vary  from 


aircraft  to  aircraft  and  to  generalize  would  not  bo 
appropriata. 

3.  LOGISTIC  AREAS*  Logistics  covars  four  main  aroast 

supply,  transportation,  maintananca,  and  procuraaant. 
Plaasa  rank  ordar  thasa  from  tha  most  to  tho  loast 
problams  and  briafly  dascriba  tha  major  problams  and 
why  thoy  exist. 

Fifty  percent  of  those  individuals  responding  to  this 
question  do  not  boliavo  logistics  simply  covars  those  four 
araas.  Other  areas  of  equal  importance  includai 
requirements  determination,  design  data  base,  and  computer 
aided  design /computer  aided  manuf acturing.  However,  all 
these  other  areas  could  be  considered  in  part  as  a  portion 
of  the  four  areas  detailed  in  the  question. 

As  for  the  four  areas  identified  in  the  questionnaire* 
supply,  transportation,  maintenance,  and  procurement! 
maintenance  was  most  often  identified  as  having  the  most 
problems  from  a  logistics  standpoint.  One  respondent  said 
maintenance  Includes  over  twenty-nine  percent  of  the  total 
enlisted  force.  It  includes  over  forty-two  separate  career 
fields  and  is  compounded  by  more  than  fifty  aircraft  or 
system  shred  outs.  A  shred  out  is  that  portion  of  the  Air 
Force  Speciality  Code  which  identifies  a  specific  area  of 
expertise.  The  problem  is  further  complicated  by  the  fact 
that  most  operational  units  have  inadequate  test  equipment 
and  poor  diagnostics  with  which  to  perform  their  jobs. 
Training  is  often  not  sufficient  at  technical  training 
schools.  By  this  the  respondents  mean  the  training  is  not 


sufficient  to  Allow  a  now  graduate  to  work  directly  on  the 
Aircreft  without  supervision  upon  Arriving  At  a  new  duty 
stetion  becAuse,  often*  Aircreft  heve  hed  some  modif lest ions 
in  its  hsrdwsre  or  softwere  thst  the  trsining  school  is  not 
swore  of.  In  Addition*  permenent  chenge  of  stetion 
Assignments  occur  much  too  frequently*  retention  of  first 
term  Airmen  is  not  edequete  when  compered  to  the  Amount  of 
time  these  Airmen  spend  Attending  schools  end*  fi nelly* 
productivity  is  often  low.  Compounding  these  problems  ere 
mission  stetements  that  ere  changed  for  the  weapon  systems. 
When  these  changes  occur,  maintenance  must  identify  new 
procedures  to  meet  the  changing  requirements.  The 
identification  of  these  new  procedures  and  then  the 
implementation  of  the  plans  for  new  procedures  often  take 
the  maintenance  personnel  away  from  their  jobs  of  repairing 
aircraft  to  the  Job  of  being  a  planner.  Maintenance 
personnel  are  finding  themselves  managing  facts  and  figures 
of  their  operation  and  not  the  aircraft. 

4.  FACILITY  PROBLEMSi  Identify  and  rank  order  the  top 
five  facility  problems  you  perceive  with  respect  to 
aircraft  logistics  and  briefly  explain  why. 

This  question  was  not  directly  aimed  at  achieving  a 
concensus  but*  rather*  to  obtain  a  variety  of  opinion  and 
thought  concerning  facilities  and  some  current  problems. 

Lack  of  hanger  space*  inadequate  warehousing  and  shelters 
for  computer  equipment*  poor  washing  facilities  for 
aircraft*  problems  with  real  property  installed  equipment 


and,  generally,  a  a avara  lack  of  military  construction 
projoct  funds  to  modsrniza  outdated  facllitiss  Mora  soma  of 
ths  problems  identified  by  respondents. 

A  trend  in  problem  areas  for  facilities  that  most 
respondents  identified  had  to  do  with  facilities  being 
outdated.  Several  individuals  said  that  maintenance  shops 
are  of  a  World  War  IX  design  and  are  not  functionally  laid 
out.  Inadequate  storage  space  is  a  common  problem  because 
as  these  areas  expanded  over  the  years,  storage  space  slowly 
diminished  until,  today,  far  too  little  space  is  available. 
Since  the  shops  are  not  functionally  laid  out,  the 
production  effort  is  severely  hampered.  Additional  military 
construction  project  funding  should  be  made  available  to 
revamp  these  outdated  facilities,  according  to  several 
respondents.  The  cost  would  be  more  than  offset  by  the 
savings  that  could  be  realized  by  a  more  efficient  layout 
and  design. 

S.  GROUND  SUPPORT i  Identify  and  rank  order  what  you 
perceive  to  be  the  top  five  aircraft  ground  support 
equipment  problems  and  briefly  explain  why. 

As  with  the  previous  question,  this  issue  of  ground 
support  was  included  to  obtain  a  variety  of  opinion  on  the 
subject  matter.  8ome  problem  areas  identified  were 
automated  ground  equipment,  acquisition  of  support  equipment 
for  new  weapon  systems,  nonavailability  of  spare  parts  for 
new  and  old  equipment,  munitions  handling  equipment,  too 
much  reliance  on  fuel  trucks  for  refueling,  too  much 


diversification  of  ground  support  equipment  which  results  in 
low  reliability,  and  skyrocketing  costs  for  ground  support 
equipment. 

6.  DIAGNOSTIC  CAPABILITYi  Are  some  aircraft  subsystems 
harder  to  troubleshoot  than  others?  If  so,  identify 
and  rank  order  the  top  five  subsystems  that  have 
diagnostic  capability  problems  and  briefly  explain 
why. 

There  was  a  con:  isus  that  some  subsystems  are  harder 
to  troubleshoot  than  others.  Seventy  percent  of  the 
respondents  listed  problem  areas.  Twenty  percent  of  the 
respondents  did  not  believe  this  was  true  but  was  rather  a 
function  of  the  experience  of  the  mechanic.  The  remaining 
ten  percent  were  of  no  opinion. 

The  subsystems  listed  by  the  concensus  group  were 
compiled  based  on  frequency  of  appearance  and  rank  order. 
Avionics  was  listed  by  forty-three  percent  of  the  positive 
respondents.  Avionics  are  affected  by  their  sensitivity  to 
adverse  conditions  and  inadequate  test  and  diagnostic 
equipment.  These  systems  have  long  troubleshooting  and 
repair  times.  However,  great  improvements  are  being  made  in 
newer  generation  aircraft.  Englne/bleed  air  was  also  listed 
by  forty-three  percent  of  the  respondents.  Twenty-nine 
percent  stated  that  radar  and  electrical  systems  were 
problem  areas)  radar  by  virtue  of  the  vast  number  of 
individual  parts  that  may  fail.  The  remaining  subsystems, 
electronic  warfare,  instrumentation,  communications,  flight 
controls,  and  environmental  systems  were  each  listed  once. 


7.  TRAINING!  Do  you  consldor  tho  average  aircraft 
maintenance  parson  to  bo  muff lei anti y  tralnod  and 
capablo  to  accomplish  thalr  mission?  Explain. 

Thora  was  no  concensus  on  this  question  in  the  first 
round.  Thirty-three  percent  of  the  respondents  agreed  that 
the  average  Maintenance  person  is  sufficiently  trained  to 
accomplish  his  or  her  mlseion.  Fifty-six  percent  of  the 
reepondents  felt  Maintenance  personnel  do  not  receive 
sufficient  training.  Eleven  percent  believed  it  was  a 
function  of  the  skill  area. 

Those  who  agreed  with  the  question  felt  that,  overall* 
the  average  maintenance  person  is  sufficiently  trained. 

They  also  felt  an  aggressive  on-the-job  (OJT)  training 
program  is  required.  Even  though  training  is  sufficient, 
there  is  still  a  lag  in  personnel  competence  when  a  new 
weapon  system  is  introduced. 

The  respondents  who  disagreed  believed  that  all 
maintenance  personnel  should  be  trained  as  airplane  general 
(APQ)  mechanics  first.  Then,  after  their  first 
reenlistment,  they  can  be  specialized  as  necessary. 
Currently,  according  to  one  respondent,  personnel  are  only 
trained  enough  in  the  technical  schools  to  be  dangerous  and 
then  they  are  turned  loose  on  the  flight  line  with 
insufficient  supervision.  To  improve  this  situation,  there 
should  be  an  automated  engineering  data  base  to  lead 
technicians  in  step-by-step  repair.  This  would  lead  to  the 
elimination  of  Field  Training  Detachments  (FTD) . 


Anothar  problem  with  currant  training  1 aval a  ia  that 
tha  maintananca  field  haa  too  many  flrat  term  airman 
relative  to  tha  total  maintenance  forca.  To  overcome  thia 
inexperience,  non-commi aai oned  officers  (NCO'a)  need  to  be 
retrained  and  retrained  in  actual  maintenance  performance 
duties. 

8.  MAINTENANCE  PERSONNEL i  Should  aircraft  be 

designed  so  that  flight  line  maintenance  per¬ 
sonnel  should  be  specialists  or  generalists? 

Explain. 

A  concensus  of  tha  respondents  was  that  flight  line 
maintenance  personnel  should  be  generalists.  Eighty  percent 
responded  in  this  manner,  while  ten  percent  were  of  the 
opinion  that  maintenance  personnel  should  be  specialists. 

Ten  percent  had  no  opinion. 

The  respondent  in  favor  of  specialists  believed  that  a 
maintenance  person  should  start  as  a  specialist.  Then,  as 
the  individual *s  grade  and  experience  increase  he  should  be 
broadened  to  a  generalist. 

The  consensus  respondents  believe  there  are  too  many 
under-utilized  specialists  now  and  that  this  current 
specialist  structure  is  a  burden  to  wartime  commanders. 
Senerallsts  could  better  support  wartime  dispersals  but  a 
few  back-up  specialists  may  be  needed,  given  the  complexity 
of  today's  weapons  systems.  A  broader  area  of  maintenance 
knowledge  would  also  be  helpful  in  handling  the  peaks  and 
valleys  of  the  maintenance  workload.  Aircraft  should  be 


designed  so  that  APQ's  can  handle  all  on-equi pmant 
maintenance.  Spacialista  should  handla  of f-equi pmant 
malntananca  in  fiald  rapair  facilities  and  depots.  This 
Mould,  in  tha  opinion  of  one  respondent,  cut  Air  Force 
maintananca  manpower  requirements  by  at  least  fifty  percent. 

9.  LOS I ST I CALL Y  IDEAL  AIRCRAFTl  What  thoughts  would 

you  employ  if  you  were  assigned  the  task  to  describe 
the  logistically  ideal  aircraft? 

All  respondents  enumerated  their  considerations  with 
respect  to  designing  a  logistically  ideal  aircraft.  This 
question  was  not  aimed  at  a  concensus,  but  at  obtaining  an 
array  of  diverse  thoughts.  Zn  spite  of  this,  there  were 
common  areas  mentioned  by  many  of  the  respondents.  Seventy 
percent  indicated  they  would  require  a  high  system  Mean  Time 
Between  Failure  (MTBF) .  Fifty  percent  would  have  all 
critical  test  points  exposed  and  accessible.  Forty  percent 
would  require  the  aircraft  to  have  a  high  self-di agnostic 
capability. 

The  remaining  thoughts  were  more  diverse.  All  Line 
Replaceable  Units  (LRU)  should  be  accessible.  The  database 
for  the  aircraft  should  support  generalist  maintenance 
skills,  not  require  specialists.  The  system  should  have  a 
low  Mean  Time  to  Repair  (MTTR) .  Simplicity  should  be  the 
key  to  the  aircraft  design.  There  should  be  a  fully 
designed  maintenance  bay  in  which  every  aspect  of  the 
aircraft  can  be  tested  and  maintained.  Wire  bundles  should 
be  in  segments  so  that  they  become  Line  Replaceable  Units. 


No  ground  support  equipment  should  bs  nsadsd.  Only  common 
tools  Mould  bs  rsquirsd,  not  spscislist  tooling.  Ths 
aircraft  should  uss  as  many  “throw  away"  parts  and 
componsnts  as  can  bs  aconomically  and  safely  usad.  Last* 
tha  aircraft  should  bo  constructad  of  corrosion  proof 
materials. 

10.  BATTLE  DAMAGE i  What  design  features  should  ba 

incorporated  in  an  aircraft  to  incraasa  immediate 
repair  capability  for  battle  damaga? 

As  with  tha  previous  question,  this  question  was 

included  to  elicit  a  variety  of  thoughts,  not  a  concensus. 

The  responses  to  this  question  were  varied.  Aircraft 

modularity  was  cited  as  a  means  of  increasing  battle  damage 

repair  capability.  An  airframe  that  could  be  broken  into 

modules  could  be  repaired  rapidly.  Critical  subsystems  and 

components  should  be  redundant  and  be  located  on  opposite 

sides  of  the  aircraft  for  survivability.  The  fuel  cells 

should  be  self-sealing.  The  aircraft  should  be  designed 

with  a  knowledge  of  what  materials  would  bo  available  with 

which  to  make  repairs  during  a  war  time  scenario.  Easy 

access  to  subsystems  would  be  required  for  speedy  repair. 

Composites  should  be  developed  that  are  as  "workable"  as 

sheet  metal.  Credible  repairs  must  be  developed  for 

canopies.  Flight  controls  must  have  a  self -repairing 

capability.  Electrical  bundles  must  be  well  defined  and 

identified.  There  should  be  an  integration  of  common 

functions  between  avionics  systems,  i.e. ,  a  generic  compute 


to  satisfy  ths  computing  nosds  of  all  ths  subsystsms.  Ths 
aircraft  should  bo  dosignsd  with  a  graceful  failure  of  the 
subsystems.  Although  some  of  these  were  listed  by  more  than 
one  respondent,  none  were  listed  by  more  than  half  of  the 
respondents. 

Round  Two  of  the  Delphi  Method 

A  total  of  26  questionnaires  were  sent  out  to 
respondents  for  round  two.  Although  only  ten  responses  were 
received  for  the  round  one  questionnaires,  it  was  believed 
some  respondents  might  respond  to  the  second  round 
questionnaire.  Therefore,  questionnaires  were  sent  to  all 
respondents  identified  for  participating  in  the  Delphi 
method  for  this  research.  In  addition  to  the  round  two 
questionnaire,  if  the  respondent  participated  in  the  first 
round,  their  first  round  response  was  also  included  in  the 
round  two  package.  Of  those  26  mailed  to  the  respondents, 

IS  returns  were  received  for  a  58%  response  rate.  The 
questionnaire  used  for  round  two  can  be  found  at  appendix  B. 
The  following  is  a  discussion  of  each  question  as  received 
from  those  responding  to  this  round i 

1.  AIRCRAFT  SUB8YSTEM81  An  aircraft  consists  of  many 
subsystems  (ex.  airframe,  engines,  etc).  List  and 
rank  order  what  you  consider  to  be  the  top  five 
subsystems  as  sources  of  logistic  problems  (Number 
one  being  the  subsystem  with  the  most  logistic 
problems).  Please  explain  your  choices  briefly. 


A  concensus  warn  reached  in  round  ona  that  avionics  Mas 
a  major  problem  area  -for  aircraft  sub sys tarns.  In  round  two, 
eighty-six  percent  of  the  respondents  agreed  that  avionics 
and  engines  were  major  problem  areas.  In  addition  fifty 
percent  agreed  that  fuel  systems  were  a  major  problem  area. 

Forty-three  percent  of  the  respondents  identified 
hydraulics  as  being  a  problem  area,  while  thirty-six  percent 
of  the  respondents  said  electrical  power  systems  and  air 
frame  subsystems  were  major  problem  areas.  Finally, 
twenty-nine  percent  agreed  that  flight  controls  and  landing 
gears  were  major  problem  areas.  Other  subsystems  were 
identified  but  by  only  one  or  two  respondents.  One 
respondent  had  no  opinion  to  this  question. 

2.  AIRCRAFT  COMPONENTS!  Identify  and  rank  order  what 
you  consider  to  be  the  top  five  aircraft  components 
that  cause  logistics  problems.  Please  briefly  explain 
your  choices. 

As  with  the  first  round  responses,  many  aircraft 
components  were  listed  as  being  the  source  of  the  most 
logistics  problems.  No  concensus  was  reached  in  the  first 
round  as  to  which  component (s)  caused  the  most  logistic 
problems  and  the  second  round  responses  also  did  not  produce 
a  concensus.  One  respondent  said  there  were  so  many 
component  problems  on  present  day  aircraft  he  could  not 
break  them  down  into  which  ones  caused  the  most  problems. 

Fifty-seven  percent  of  the  respondents  identified  line 
replaceable  units  (LRU's)  as  being  the  cause  of  the  most 


logistics  pr obi  sms,  at  least  from  a  component  stand-point. 
Fifty  percent  of  the  respondents  said  fuel  systeme  and 
hydraulics  were  the  components  that  caused  major  logistics 
problems.  Thirty-six  percent  identified  radar  components 
and  twenty-nine  percent  identified  connectors,  landing  gear, 
and  avionics  components  as  being  major  contributors  to  the 
logistics  problems  with  components. 

3.  LOGISTIC  AREASi  Logistics  covers  four  main  areast 

supply,  transportation,  maintenance,  and  procurement. 
Please  rank  order  these  from  the  most  to  the  least 
problems  and  briefly  describe  the  major  problems  and 
why  they  exist. 

A  concensus  was  reached  in  round  two  for  this  question. 
Sixty-four  percent  of  the  respondents  said  that  logistics 
could  not  be  covered  in  simply  these  four  areasi  supply, 
transportation,  maintenance,  and  procurement.  Other  areas 
identified  were  research  and  development  design, 
manufacturing,  deployment  and  support,  computer  aided  design 
and  computer  aided  manufacturing,  to  name  a  few. 

Of  the  respondents  that  rank  ordered  the  four  identified 
areas  in  the  questionnaire,  maintenance  was  listed  as  the 
area  with  the  most  problems.  One  respondent  said  the 
ultimate  user  of  all  the  materiel  and  services  provided  by 
supply,  procurement,  and  transportation  is  maintenance. 
Sixty-four  percent  identified  maintenance  as  the  most 
significant  area  for  logistic  problems,  of  the  four 
identified  in  the  questionnaire.  Procurement  was  listed  as 
the  greatest  problem  area  by  thirty-six  percent  of  the 


respondents.  Eighty  percent  of  the  respondents  ssid 
transportation  posed  the  least  amount  of  problems  for 
logistics. 

4.  DIAGNOSTIC  CAPABILITY!  Are  some  aircraft  subsystems 
harder  to  troubleshoot  than  others?  If  so,  identify 
and  rank  order  the  top  five  subsystems  that  have 
diagnostic  capability  problems  and  briefly  espial n 
why. 

On  the  first  round,  a  consensus  was  reached  that  some 
subsystems  were  harder  to  diagnose  problems  in  than  others. 
There  was  no  concensus,  on  the  first  round,  on  which 
subsystems,  if  any,  were  the  most  difficult  to  substitute. 

The  second  round  responses  yielded  a  concensus  on 
subsystems.  Avionics  was  listed  by  seventy-seven  percent  of 
the  respondents  as  the  most  difficult  subsystem  to  diagnose 
problems.  Electrical  subsystems  were  listed  by  fifty-four 
percent  of  the  respondents,  followed  by  engines  with 
forty-six  percent,  and  radar  and  electronic  warfare 
subsystems,  each  with  thirty-eight  percent.  Of  these  top 
five  problem  subsystems,  avionics  is  the  only  area  with  a 
concensus  determining  it  as  a  particular  subsystem  that  is 
difficult  to  troubleshoot  problems. 

5.  TRAINING!  Do  you  consider  the  average  aircraft 
maintenance  person  to  be  sufficiently  trained  and 
capable  to  accomplish  their  mission?  Explain. 

A  concensus  was  not  reached  on  this  question  for  round 
two.  Fifty  percent  of  the  respondents  agreed  that  the 
average  maintenance  person  was  insufficiently  trained  to 
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accomplish  his  mission,  while  fifty  percent  indicated  the 
average  maintenance  person  is  sufficiently  trained. 

Those  who  responded  negatively  gave  various  reasons  for 
their  answers.  Training  should  be  done  to  Federal  Aviation 
Agency  (FAA)  qualification  status.  Individuals  should  be 
generically  trained  across  all  systems.  There  is  not  enough 
training  in  software  maintenance.  There  are  too  many 
diversions  after  training.  People  are  not  put  right  to  work 
to  practice  what  they  learned.  Maintenance  manuals  are  not 
up  to  date.  Individuals  are  trained  enough  to  be  dangerous 
and  then  turned  loose  on  the  flight line  with  insufficient 
supervision.  There  should  be  an  automated  engineering  data 
base  to  lead  the  technician  step-by-step  in  repairing. 
Information  in  this  form  is  the  avenue  to  massive  skill 
compression  and  quantum  imcr eases  in  productivity.  The 
whole  training  process  needs  to  be  reassessed.  Air  Force 
Logistics  Command  (AFLC) ,  not  Air  Training  Command  (ATC) , 
should  determine  training  levels  and  requirements  for  they 
know  how  to  support  a  system.  Maintenance  is  overly 
weighted  toward  first  term  airmen.  We  need  retention  of 
experienced  non-commissioned  officers  (NCO's)  on  the 
flightline. 

Those  who  agreed  that  the  average  maintenance  person  is 
sufficiently  trained,  did  so  for  several  reasons.  Overall 
initial  training  is  sufficient  but  an  aggressive  on-the-job 
training  (OJT>  program  is  required.  Nobody  can  be  expected 


35 


to  coma  out  of  an  initial  training  program  as  an  sxpsrt. 
Psrsonnsl  in  gradss  El  (airman  basic)  through  E4  (ssrgsant) 
ars  in  ths  procsss  o-f  acquiring  axparianco  and  knowledge. 
Most  o-f  thair  training,  to  this  point,  has  baan  diractad 
toward  ganaralitlas.  Whan  an  individual  is  idanti-fiad  for  a 
particular  waapon  systam,  training  should  bagin  as  soon  as 
possibla.  A  spacific  Fiald  Training  Datachmant  (FTD)  should 
ba  addad  for  this  purposa. 

6,  MAINTENANCE  PERSONNEL}  Should  aircraft  ba  daslgnad 
so  that  flight  lino  maintananca  parsonnal  should  ba 
spoclalists  or  ganoralists?  Explain. 

Tha  overwhalming  rosponsa  was  that  maintananca 
parsonnal  should  ba  trainod  to  bo  ganoralists  and  aircraft 
daslgnad  toward  this  goal.  Ninaty-two  parcant  raspondad  in 
this  fashion.  Tha  rospondants  statod  that  tha  oquipmant 
should  bo  daslgnad  so  tha  maintananca  parson  doos  not  hava 
to  go  daap  into  tha  systam  to  troubloshoot  and  ropair. 
Maintananca  flaxibility  will  bo  incraasad,  as  will 
survivability.  Airplana  ganaral  (APS)  machanics  should 
handla  all  on-aquipmont  maintananca,  with  spoclalists 
handling  of f-aquipmant  rapairs  in  fiald  repair  facilities 
and  dapots.  Tha  crow  chief  should  ba  able  to  troubleshoot 
all  but  tha  mast  complex  systems.  Ho  should  bo  a  generalist 
across  tha  many  subsystems  but  a  specialist  to  a  particular 
aircraft  type.  Wa  cannot  afford  tha  currant  under-uti 1 izad 
structure  of  specialists.  This  is  a  burdan  to  the  wartime 
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7.  COMPLEXITY!  Should  wo  have  many  simple,  inexpensive 
limited  capability  aircraft  or  a  few,  complex,  ax - 
pensive,  multipurpose  aircraft?  Explain. 

A  concensua  of  respondents  disagreed  with  the  question 
as  stated.  Sixty-one  percent  stated  that  complexity  does 
not  exclude  a  simple  and  inexpeneive  deeign.  Thirty-one 
percent  felt  that  simplicity  would  Increase  operational 
capability.  Eight  percent  had  no  opinion  on  this  question. 

Those  that  favored  simple,  inexpensive  aircraft  stated 
that  aircraft  should  be  designed  for  a  single  mission. 
Multi-purpose  aircraft  tend  to  do  many  things,  but  none  of 
them  well.  The  United  8tatee  does  a  terrible  job  of  funding 
maintenance  on  the  aircraft  it  possesses  now.  There  is 
little  sense  in  having  a  few,  complex  aircraft  you  cannot 
afford  to  keep  in  working  condition.  Fewer  aircraft  would 
greatly  reduce  the  amount  of  manpower  required  to  support 
them  but  each  aircraft  lose  would  greatly  limit  our 
capability.  Aircraft  should  be  ruggedly  designed  and  easily 
maintained,  not  a  multipurpose  aircraft,  easily  wounded  and 
hard  to  support. 

Those  who  disagreed  with  the  question  as  stated  felt 
that  complexity  does  not  necessarily  exclude  simplicity  or 
imply  expense.  The  weapon  system  must  be  designed  so  that 
complex  technology  is  transparent  to  the  high  school 
graduate  who  will  maintain  the  system.  Complexity  does  not 
imply  high  cost  of  ownership.  It  may  well  involve  high 
initial  acquision  costs,  but  not  necessarily  high  life  cycle 


costs.  Simplicity  of  troubls  shooting  and  repair  doss  not 
imply  that  tha  aircraft  is  of  limitsd  capability.  Ths 
threat  drives  the  need.  The  weapon  system  must  meet  this 
threat.  The  technology  required  to  meet  the  threat  must  be 
designed  for  supported! lity. 

8.  DE81BNS  Should  an  aircraft  be  designed  with  the 

idea  of  pilot  performed  maintenance  in  mind?  Explain. 

A  concensus  of  respondents  believed  that  an  aircraft 
should  not  be  designed  with  the  idea  of  pilot  performed 
maintenance.  Seventy-seven  percent  felt  the  pilot  duties 
were  too  demanding  already.  Fifteen  percent  felt  it 
depended  on  the  situation.  Eight  percent  had  no  opinion  for 
this  question. 

The  respondents  who  felt  it  depended  on  the  situation 
believed  certain  scenarios  could  require  pilot  performed 
maintenance.  Even  in  these  special  cases,  flight  crew 
maintenance  should  be  limited  to  removing  and  replacing  Line 
Replaceable  Units  <LRU) .  Any  repairs  beyond  this  level 
should  be  accomplished  by  maintenance  personnel. 

Host  of  the  respondents  felt  pilot  performed 
maintenance  is  impractical.  The  pilot  has  enough  to  do 
already.  To  keep  himself  ready  to  perform  his  mission,  he 
must  constantly  study  his  flight  manuals,  weapons  manuals, 
tactics,  regulations,  and  procedures.  To  increase  this  load 
by  requiring  study  and  training  in  aircraft  maintenance 
procedures  would  jeopardize  his  proficiency  in  his  primary 


mission.  Ths  pilot's  dutlss  in  current  high  performance 
aircraft  are  demanding  enough.  Aircraft  should  be  designed 
with  self -diagnostic  functions.  The  pilot  could  then  be 
informed  by  this  system  Mhere  a  fault  or  malfunction  is. 

The  pilot  would  be  able  to  switch  to  back-up  systems  and  fix 
the  fault.  This  is  the  extent  to  which  the  pilot  should 
perform  maintenance.  The  task  saturation  in  combat  aircraft 
is  such  that  we  can  not  afford  to  overload  the  flight  crew 
with  additional  duties. 

9.  FUTURE  SERVICE i  The  number  of  teenagers  eligible  for 
military  service  is  predicted  to  decline  by  24%  over 
the  next  two  decades.  Will  this  impact  the  role  of 
logistic  supportability  for  aircraft?  If  so,  wha> 
should  be  considered  in  aircraft  design  to  overcome 
this  problem? 

Seventy-one  percent  of  the  respondents  agreed  that  a 
decline  in  the  number  of  teenagers  available  for  military 
service  during  the  next  decade  would  not  have  an  Impact  on 
the  role  of  logistic  supportability  for  aircraft.  Twenty 
percent  said  the  decline  would  have  an  Impact  and  one 
individual  had  no  opinion  for  this  question. 

Many  respondents  said  the  Air  Force  will  compensate  for 
the  lack  of  personnel  (teenagers)  coming  into  the  military 
over  the  next  twenty  years  by  increasing  dependence  on 
remove  and  replace  items  for  maintenance.  In  addition,  self 
diagnostic/fault  isolation  systems  will  be  increasingly  used 
which  will  increase  the  serviceability  of  aircraft.  One 
respondent  said  the  Air  Force  is  presently  working  to  remedy 


any  shortage  in  new  military  par sonnal  for  tha  next  twanty 
yaars.  Poaaibla  aolutions  ara  baing  diacuaaad  at  high 
lavala  within  tha  Dapartmant  of  tha  Air  Forca.  Soma 
altarnativas  baing  diacuaaad  ara  contracting  out  maintananca 
and  clvllianizlng  mora  of  tha  logistics  functions.  Tha 
amount  of  paparwork  ganaratad  by  maintananca  in  tha  past  may 
ba  raducad  in  tha  futura  through  tha  usa  of  computars  at  tha 
worksitas.  Zn  addition,  improvamants  in  aircraft  dasign 
should  halp  allaviata  soma  of  tha  problam. 

On  tha  othar  sida,  continuous  low  raliability  systams, 
subsystems,  and  components  will  require  tha  Air  Force  to 
expand  vast  resources  to  have  people  maintain  systams.  Zn 
addition,  as  supervisors  coma  off  tha  flight  line  to  work 
tha  "paper"  problems  of  the  organization,  it  is  leaving, 
often,  inexperienced  and  insufficiently  trained  personnel 
out  on  the  flight  line  to  perform  maintenance  actions.  This 
is  ineffective  and  inefficient. 

10.  ATE i  Identify  tha  major  advantages  and  disadvantages 
of  increased  usa  of  Automated  Test  Equipment  (ATE)  at 
tha  different  levels  of  Air  Force  maintananca. 

All  but  one  respondent  provided  opinions  of  tha  major 
advantages  and  disadvantages  of  tha  increased  usa  of 
Automated  Test  Equipment  in  recant  years.  One  respondent 
felt  this  area  was  not  ana  in  which  ha  could  comment.  About 
as  many  advantages  as  disadvantages  ware  cited  by 
respondents  to  this  question. 


Some  of  the  advantages  el  tad  by  tha  raapondanta 
includai  tha  softw ara  usad  -for  tha  Autoaatad  Taat  Equlpaant 
allows  tasting  to  spaclflc  prasat  and  pradatar mi nad 
tolarancasi  it  will  isolata  faults)  aft ar  tha  rapair  Is 
complatad  it  will  parform  confidanca  chacks  to  asaura  tha 
problam  has  baan  corractad.  This  advantage  can  ba  readily 
seen  in  tha  speed  a  problam  can  ba  isolated.  Prior  to  ATE, 
it  could  taka  hours,  sometimes  days,  to  determine  what  tha 
exact  causa  of  a  malfunction  was.  ATE  can  reduce  that  fault 
isolation  tima  significantly  and  than,  onca  repaired,  assura 
tha  maintenance  personnel  tha  problem  has  bean  corractad. 

In  addition,  ATE  allows  many  functions  to  be  tasted  on  a 
single  line  replaceable  unit  (LRU).  This,  again,  is  an 
advantage  over  the  manual  method  of  tasting. 

One  respondent  said  ATE  is  tha  only  affordable  way  to 
diagnosa  problems  that  occur  in  tha  complex  circuitry  of 
today’s  aircraft  at  any  level  of  maintenance.  With  tha 
complexity  of  aircraft  increasing,  maintananca  personnel 
would  have  a  vary  difficult  tima  trying  to  find  tha  actual 
causa  of  many  of  tha  problems  that  might  occur  with  complex 
circuitry.  ATE  is  tha  only  cost  affective  way  to  parform 
these  maintananca  chacks.  But  that  is  not  to  say  ATE  is  an 
inexpensive  method  of  tasting.  The  high  cost  of  ATE  will  be 
discussed  shortly. 

ATE  allows  for  a  more  in-depth  tasting  procsdura  as 
compared  to  a  manual  method.  You  could  then  assume  that 


pr ob lams  that  might  go  uncorractad  by  tha  manual  mathod  of 
tasting  will  ba  found  by  ATE.  This  is  trua  to  a  certain 
extant.  ATE  also  allows  for  reduced  sat-up  time  for 
maintenance  personnel  and  performs  rapatitiva  tasting  much 
easier  than  humans.  As  a  result f  ATE  raquirss  little 
operator  interface  after  the  Initial  set-up  of  the  test 
equipment. 

A  final  benefit  to  the  use  of  ATE  is  that  fewer 
maintenance  personnel  are  needed  to  perform  the  maintenance 
testing  function  on  those  weapon  systems  that  utilize  ATE. 
However,  in  many  cases,  more  maintenance  personnel  are  often 
needed  to  maintain  the  test  equipment.  In  addition,  those 
maintaining  the  test  equipment  must  be  more  specialized.  In 
the  long  run,  for  present  day  systems,  a  reduction  in 
maintenance  personnel  has  not  occurred  overall.  The 
emphasis  and  specialty  of  the  maintenance  personnel  have 
changed . 

Some  of  the  disadvantages  of  ATE  include  a  high  cost  to 
operate.  Often  the  ATE  is  extremely  complex,  even  in  terms 
of  the  weapon  system  it  is  supporting.  This  complexity 
rears  its  ugly  face  to  the  maintenance  personnel  trying  to 
maintain  the  equipment.  The  complexity  also  manifests 
itself  with  a  high  false  alarm  rate.  This  adds  to  the  cost, 
indirectly,  by  increased  manhours  performing  fault  isolation 
checks  which  often  turn  up  no  significant  problsms.  The 
high  false  alarm  rates  reducs  the  confidence  maintenance 


personnel  placa  in  this  comp lax  automated  tast  aquipmant. 
Costa  ara  also  High  to  train  parsonnal  to  oparata*  maintain* 
and  davalop  tha  tast  aquipmant.  As  mss  mantionad,  tha  ATE 
usually  has  a  vary  complex  dasign  and  training  is  extensive. 
To  coaplicata  that  problam  f urther ,  a  standard! zad  ATE  for 
usa  on  all  weapon  sys tarns  has  not  baan  davalopad  so 
parsonnal  ara  facad  with  having  to  laarn  about  tha  tast 
aquipmant  all  over  whan  thay  transfar  to  a  naw  basa  and  a 
naw  wasp on  systam. 

Tha  ATE  is  not  charitably  rasponsiva  to  changas  in 
anvironmantal  raquiramants  or  ganaral  parformanca 
raquiramants.  With  tha  complaN  circuitry  of  ATE*  changas  in 
humidity,  tamparatura*  altltuda,  ate.  hava  a  significant 
affact  on  tha  op ar at ion  of  tha  tast  aquipmant.  Tha  softwara 
usad  for  ATE  is  also  not  aaslly  changad  to  mast  changing 
oparational  raquiramants  which  of tan  rasult  as  a  wmapon 
systam  prograssas  through  its  Ufa  cycla. 

Finally*  tha  ATE  is  of tan  fragila  and  tha  incraasad 
slxe  and  waight  of  tha  waapon  systam  that  carrlas  tha  ATE 
aboard  tha  aircraft  can,  in  soma  casas,  affact  tha  waapon 
systams  transportability.  This  problam  can  produca 
significant  pmr'formmnem  dagradation. 


IV.  Analysis 


This  rasaarch  was  tha  first  attempting  to  discuss  thosa 
araas  that  would  ba  important  in  daval oping  a  logistical ly 
idaal  aircraft.  Currant  aircraft  raly  quita  haavily  on 
logistics  support  to  parform  thair  assignad  missions.  In 
fact,  aircraft  today  spand  mors  tima  having  logistics 
functions  parformad  on  tham  than  thay  can  spand  in  tha  air 
actually  carrying  out  thair  missions. 

To  complicata  this  problam,  Ufa  cycla  costs  hava 
skyrocketed  in  tha  past  dacada  primarily  dua  to  oparating 
and  support  costs  growing  at  such  a  fast  rata.  With  lifa 
cycla  cost  rising  so  rapidly,  along  with  tha  tachnlcal 
complexity  of  aircraft  incraasing  at  an  aqually  rapid  rata, 
it  doas  not  saam  likaly  that  costs  will  reduce  in  tha  naar 
futura  unlass  a  diffarant  coursa  of  action  is  taken. 

That  now  coursa  could  bo  in  tha  form  of  a  graatar 
emphasis  on  logistics  factors  in  tha  dosign  and  dovalopmant 
stages  of  aircraft  acquisition.  If  logistics  planning  was 
accompli  shod  aarlior  in  tha  acquisition  cycla,  tha 
raqulromonts  for  logistic  support  aftor  tha  aircraft  has 
boon  fialdad  would  drop  significantly. 

Tha  objactiva  of  this  rasaarch  was  to  outlino  tha 
alamants  nocassary  for  daval oping  a  logistical ly  idaal 
aircraft.  This  aircraft  would,  idaal ly,  roqui ra  no 
additional  support  ones  it  has  boon  fialdad.  To  accomplish 
this  objactiva,  a  thraa  phasa  rasaarch  plan  was  usad.  In 


phase  ana |  soma  of  tha  logistical  problama  inharant  in 
praaant  day  aircraft  ware  idantiflad.  Thaaa  logistical 
problems  hava  tha  affact  of  raducing  logistic  supportability 
in  tha  long-run.  Phasa  two  idantifiad  possibla  solutions  to 
thosa  logistic  problems  that  wara  idantiflad  in  phasa  on a. 
Finally,  in  phaaa  thraa,  soma  of  tha  alamants  of  a 
loglstlcally  idaal  aircraft  wara  prasantad. 

Pi scuasi on 

Thara  ara  savaral  significant  logistical  problam  araas 
currantly  balng  ancountarad.  Thasa  problam  araas  ara  in 
aircraft  subsystems,  maintananca,  facllitlas,  and  support 
equipment. 

Aircraft  avionics  ara  major  problem  araas  in  currant 
aircraft.  Avionics  ara  affected  by  thalr  sensitivity  to 
adverse  conditions.  The  number  of  parts  in  tha 
subassemblies  ara  increasing  with  tha  sophistication.  Evan 
a  high  component  reliability  factor  cannot  pravant  an 
unacceptable  system  reliability  factor.  Thasa  subsystems 
have  bean  plagued  by  high  falsa  alarm  rates.  Tha  high 
number  of  components  makes  avionics  problams  difficult  to 
troubleshoot.  Avionic  subsystems  problams  ara  difficult  to 
diagnose  and  it  is  time  consuming  to  isolate  faults.  A  part 
of  this  problam  is  due  to  inadequate  test  equipment  and 
diagnostic  equipment.  These  problams  combine  to  increase 
tha  maintananca  rapair  time  required  by  this  subsystem. 


Another  aircraft  subsystem  that  characteristically 
causes  logistical  problems  is  aircraft  engines.  Increasing 
performance  and  mission  requirements  have  increased  the 
complexity  of  aircraft  engines.  They  must  perform  under  a 
variety  of  adverse  conditions.  Many  of  the  components  are 
subjected  to  extremely  high  temperatures.  As  a  result* 
engines  components  are  subject  to  high  failure  rates.  Once 
a  failure  occurs,  the  engine  experiences  a  long  maintenance 
down  time  to  repair  it. 

Maintenance  is  one  of  the  four  main  logistics  areas 
that  also  includes  supply,  transportation,  and  procurement. 
It  is  a  logistics  problem  area.  The  current  maintenance 
career  field  in  the  Air  Force  has  too  many  specialists. 

These  specialists  are  under-utilized  and,  in  wartime 
scenarios,  are  a  burden  to  tactical  commanders.  Generalists 
could  better  support  wartime  dispersal  scenarios. 

Maintenance  units  do  not  have  adequate  test  equipment  and 
diagnostic  equipment  to  properly  perform  their  Jobs. 
Permanent  change  of  station  <PC8>  assignments  occur  much  too 
frequently.  An  individual  begins  to  feel  comfortable  in  his 
location  and  unit  when  he  must  move.  Retention  of  first 
term  airmen  is  poor,  which  generates  the  requirement  for  new 
personnel  in  Junior  grades  who  must  attend  the  appropriate 
technical  training  schools.  This  is  an  additional 
requirement  that  should  be  eliminated  by  increasing 


retention 


There  are  many  facility  problama  that  craata  logistical 
problems.  Thasa  include  the  lack  of  hangar  space, 
inadaquata  warehousing  and  shelters  for  computer  equipment, 
and  poor  washing  facilities  for  aircraft,  among  others.  The 
predominant  and  most  severe  problem  area  is  that  many 
facilities  are  outdated.  Maintenance  shops  are  of  World  War 
II  vintage.  The  layout  is  not  functional  and  there  is 
little  etorage  space.  As  maintenance  shops  expanded  over 
the  years,  storage  areas  were  converted  into  work  areas. 

Now,  there  is  too  little  space.  Production  efficiency  is 
inhibited  by  the  dlsfunctional ,  ad  hoc  layout  of  the  shops. 
Facilities  suffer  from  a  shortage  of  funds  to  bring  them  up 
to  date. 

Ground  support  equipment  can  also  cause  a  multitude  of 
logistical  problems.  Some  of  the  major  problems  with  ground 
support  equipment  stem  from  the  acquisition  process. 
Standardization  is  one  of  the  main  problems.  Often  we  have, 
for  various  aircraft,  many  different  types  of  equipment 
designed  to  do  similar  things.  Much  of  this  problem  comes 
from  support  equipment  requirements  not  being  properly 
screened  to  determine  if  there  is  usable  common  support 
equipment  already  in  the  Air  Force  inventory.  Support 
equipment  managers  are  often  not  involved  in  the  acquisition 
of  new  weapon  systems.  Likewise,  new  or  replaced  support 
equipment  is  entering  the  Air  Force  inventory  without  the 
benefit  of  user  participation  during  preplanning,  testing, 


and  technical  ordar  verification  phaaaa  of  procuraaant. 
Anothar  problam  arisas  bacausa  oftan  no  training  ia  providad 
by  tha  contractor  prior  to  racaipt  of  nan  support  equipment 
into  tha  Air  Forca  invantory.  Thasa  problems  rasult  in 
support  aquipmant  not  having  high  ral lability  initially  and 
oftan  laads  to  rapidly  rising  costs  during  tha  Ufa  cycla. 

Logistically  Idaal  Aircraf t 

Thasa  problams  idantlfiad  combi na  to  raduca  tha 
affactivanass  and  incraasa  tha  Ufa  cycla  cost  of  currant 
aircraft.  A  logistically  idaal  aircraft  Mould  hava  nona  of 
thasa  problams.  It  would  not  hava  logistics  support 
raquiramants  at  all,  axe apt  for  battla  damaga  or  aircraft 
accidant  rapair.  A  description  of  this  typo  of  aircraft  was 
not  achieved  for  this  research.  The  scope  of  tha  rosponsas 
to  tha  quastionnairas  was  restricted  to  currant,  achiavabla 
technologies  and  did  not  attempt  to  forecast  possibilitias 
of  the  future.  Tha  rasult  is  a  description  of  an  aircraft 
that  would  aliminata  the  problems  that  plague  currant 
aircraft.  Tha  approach  to  the  logistically  idaal  aircraft 
that  results  from  this  research  still  requires  ground 
servicing  prior  to  flight  and  is  subject  to  normal  wear  and 
tear.  This  logistically  idaal  aircraft  moves  to  aliminata 
currant  logistics  support  problams  discussed  earlier  but  not 
all  logistics  support  raquiramants. 
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Thera  ara  many  faaturas  this  loglatlcally  ideal  aircraft 
Mould  incorporate.  Tha  aircraft  must  hava  a  high  ayatem 
maan  tlaa  between  failura  <MTBF> .  High  rallablllty  of 
Individual  componanta  doaa  not  guarantaa  this  bacausa  of  tha 
larga  number  of  componanta  in  many  aubayatama.  If  common 
functlona  of  avionica  aubayatama  were  integrated,  tha  numbar 
of  apacializad  componanta  could  bo  raducod  and  redundancy 
included  in  tha  generic  componanta.  For  an ample,  do  not 
incorporata  an  individual,  dedicated  computer  for  each 
avionica  aubayatem.  Inatoad,  hava  a  generic  central 
computer  which  would  aatiafy  tha  computing  nooda  of  all  tha 
aubayatama.  Thla  would  aignif icantly  raduca  tha  number  of 
componanta  in  each  of  tha  aubayatama,  poaaibly  enough  to 
create  room  for  a  r abundant,  back-up  generic  computer  in  the 
aame  apace  pravioualy  occupied  by  all  the  avionica 
aubayatama'  dedicated  computara.  Thla  redundancy  would 
incraaee  overall  ay at am  roll ability.  Survivability  would 
alao  be  enhanced  by  aelected  ayatem  redundancy,  eepecially 
if  tha  redundant  ayetema  wara  located  on  oppoaite  aidaa  of 
tha  aircraft.  Than  combat  damage  would  bo  laaa  likely  to 
daatroy  tha  alrcraft'a  aubayatama  and  render  further  flight 
impoaaible. 

All  of  thaaa  aubayatama,  whan  they  fail,  muet  be 
accaeaibla  for  repair.  They  ahould  be  built  in  the  form  of 
Lina  Replaceable  Unite  (LRU).  LRU'a  muat  be  accaeaibla  from 
tha  ground  or  cockpit  without  having  to  movo  equipment  out 


of  tha  May.  Tha  generic  conputar  should  hava  diagnostic 
capabilitias  to  identify  fallad  jr  failing  LRU's.  This 
would  raduca  fault  isolation  tima  considarably  ovar  many 
currant  aircraft.  If  this  wars  incorporated  with  highly 
accessible  LRU's,  the  mean  tima  to  repair  (MTTR)  of  tha 
aircraft  would  bo  low. 

Currant  aircraft  hava,  literally,  mi lea  of  wire  in 
them.  Whan  there  is  a  wiring  problem  many  manhours  are 
expended  tracing  and  identifying  tha  propar  wire  in  tha 
proper  bundle.  Tha  logistical  ideal  aircraft  would  hava 
wiras  and  bundles  wall  defined  and  identified.  In  addition, 
tha  wire  bundles  would  thamsalvas  be  segmented  into  LRU's. 
This  would  decrease  MTTR  of  tha  aircraft  since,  when  a  wire 
problem  is  indicated,  the  bundle  can  be  quickly  pulled  and 
replaced  to  return  tha  aircraft  to  operational  capability. 

The  laglstlcally  ideal  aircraft  would  have  a  fully 
designed  and  functional  maintenance  bay  capable  of  returning 
an  aircraft  to  mission  ready  status.  This  bay  would  Include 
test  and  diagnostic  equipment  to  supplement  the  aircraft's 
on-board  self -diagnostics.  All  critical  test  points  for  the 
aircraft  would  be  exposed  and  accessible  from  the  ground. 
This  would  help  to  lower  maintenance  down  time  on  the 
alrcraf t. 

Construction  should  be  of  corrosion  proof  materials. 

The  advantage  of  this  is  obvious.  Composites  satisfy  this 
but  current  composites  are  difficult  to  work  with.  Repairs 


are  costly  and  tima  consuming.  Compos! tss  should  bo 
dovolopod  that  ars  as  oasy  to  ropair  as  shoot  metal.  This 
would  ease  rspair  probloms  considerably  Mhilo  eliminating 
cor r osi on . 

The  aircraft's  design  should  be  modular.  For  example, 
if  the  airframe  could  be  broken  in  modules,  repair  time 
Mould  be  reduced  and  the  maintenance  load  eased. 

Self-sealing  fuel  cells  Mould  be  Incorporated.  Fuel  cell 
leaks  have  been  a  time  consuming  item  to  repair  Mhlch 
involved  draining  the  tank,  resealing,  alloMlng  the  seal  to 
cure,  and  testing.  Reseal able  cells  Mould  reduce  much  of 
the  maintenance  load. 

No  ground  support  equipment  Mould  be  required  by  the 
loglstically  ideal  aircraft  for  normal  operations.  The 
aircraft  Mould  have  a  self  starting  capability  Mith  an 
on-board  auxiliary  poHer  unit  (APU)  to  handle  the  electrical 
requirements  before  engine  start.  Deployments  and 
dispersals  Mould  be  easier  Mith  this  capability  in  that  it 
Mould  reduce  the  amount  of  maintenance  material  and 
personnel  that  Mould  have  to  accompany  an  aircraft  Mhen  it 
is  dispersed. 

The  design  of  the  loglstically  ideal  aircraft  Mill  be 
toMard  the  goal  of  having  only  generalist  maintenance 
personnel  required  for  normal  operations.  An  airplane 
general  (APS)  mechanic  should  be  able  to  do  all  on-aircraft 
maintenance  including  troubleshooting  of  subsystem  problems 
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and  removal  and  replacement  of  faulty  unite.  Specialists 
should  be  required  only  in  field  repair  facilities  and 
depots  to  handle  off-aircraft  repairs  of  faulty  units  and 
subsystems.  The  maintenance  c rew  chief  should  not  have  to 
go  beyond  the  maintenance  bay  and  deep  into  the  subsystem  to 
troubleshoot  and  repair  the  aircraft.  He  should  be  able  to 
do  all  but  the  most  complex  work  which  would  be  referred  to 
field  repair  facilities.  Reliance  on  generalist  maintenance 
would  Increase  the  supported! lity  of  deployed  and  dispersed 
aircraft  in  wartime  scenarios.  During  peacetime,  it  would 
help  reduce  the  problems  of  maintaining  a  wing  of  aircraft. 
Senerallst  maintenance  requirements  would  be  beneficial  in 
handling  the  peaks  and  valleys  of  the  maintenance  workload. 
In  both  cases,  maintenance  flexibility  would  be  increased 
and  a  large,  unwieldy  maintenance  burden  on  commanders  would 
be  reduced. 

Flight  crew,  or  pilot,  performed  maintenance  will  not 
be  incorporated  in  the  aircraft.  There  are  not  enough 
training  hours  available  to  keep  an  individual  current  in 
flight  duties  under  various  scenarios  and  also  qualified  to 
handle  aircraft  maintenance.  The  extent  to  which  repairs 
should  be  accomplished  by  the  pilot  is  to  reroute  functions 
to  back-up  systems  but  the  pilot/crew  cannot  be  expected  to 
make  repairs  to  the  faulty  system. 

Automated  Teat  Equipment  <ATE)  on,  and  for,  the 
logistical ly  ideal  aircraft  would  be  standardized  for  all 


aircraft.  This  Mould  roault  in  paraonnol  naading  only  to 
laarn  about  taat  aquipmant  onca.  Tha  comp laxity  of  tha  ATE 
Mould  bo  transparent  to  tha  maintananca  Marker .  Ho  Mould 
perform  remavo  and  raplaca  maintananca  and  tha  ATE  could  bo 
updated  to  include  differing  operational  and  environmental 
requirements.  Falsa  alarm  rates  Mould  ba  minimal  and 
ideally  a  readout  Mould  bo  available  that  Mould  isolate  and 
identify  the  specific  problem  that  is  being  encountered.  In 
addition,  the  fastest  and  most  officiant  method  of  repairing 
that  fault  Mould  be  displayed  to  the  maintenance  Morker. 

This  description  of  a  logistically  ideal  aircraft  Mould 
result  in  the  elimination  of  many  of  the  problems  currently 
encountered  in  Air  Force  aircraft.  While  not  freeing 
tactical  commanders  of  logistical  burdens  involved  in 
aircraft  operations.  Incorporation  of  thesa  features  Mould 
reduce  their  reliance  on  logistics  support.  The  flexibility 
of  senior  commanders  Mould  be  greatly  increased  el nee  many 
restrictions  and  problems  of  deploying  and  employing 
aircraft  in  potential  battle  xonos  Mould  be  eliminated. 


V.  Conclusions 


Ths  ult loots  logistics  gosl  is  ths  si i mi not i on  of  all 
rsquirsd  support  for  aircraft.  Barring  Pattis  damags  or 
aircraft  accidsnt(  ths  aircraft  would  nosd  no  maintsnancs 
action  prior  to  or  upon  rsturn  from  a  mission.  Ths  aireraft 
would  bs  parksd  by  an  Incoming  crow  and  bs  rsady  for 
immsdlats  dsparturs  with  a  frssh  craw.  No  ssrvicing  or 
maintsnancs  would  bs  rsquirsd. 

Opsrational  commandsrs  would  bs  rsliavsd  of  a  groat 
logistical  burdan  which  normally  graatly  impacts  opsrational 
planning.  Long  logistics  pipslinss  from  forward  araas  back 
to  ths  Uni  tad  Statas  would  bo  graatly  roducod.  Airlift 
support  rsquiromsnts  for  opsrational  dsploymsnts  would  bo 
roducod.  Ovorall  mission  capability  would  bo  onhancsd.  Ths 
availability  of  aircraft  would  bo  improvod  sines  thoro  would 
bs  no  down  tima  for  rs-arming  and  ssrvicing.  Ths 
of f setivsnsss  of  ths  unit  would  bs  onhancsd. 

Ths  dsscription  of  this  aircraft  was  not  accompli shod 
by  this  rossarch.  This  study  ox ami  nos  ths  major  logistics 
p rob Ism  aroas  of  currant  aircraft.  Zn  soarching  for  ways  to 
avoid  thssa  problsms  in  ths  futuro  quostlonnairs  rosponsos 
tsndsd  to  follow  curront  thinking.  Ths  rosponsos  focusod  on 
how  to  improvo  systsms  that  now  ox 1st,  not  on  ways  of 
possibly  aliminating  systsms  altogothor.  For  oxamplo,  thoro 
was  discussion  on  ths  problsms  of  aircraft  wiring.  Wiring 
problsms  ars  difficult  to  idantlfy*  tracs,  and  rspair  on 


currant  aircraft.  A  poaaibla  solution  focused  on  segmenting 
Miring  bundlas  into  Lina  Raplacaabla  Units,  this  Mould  maka 
rapairs  aasiar  and  faster.  No  comments,  hoMavar ,  dealt  Mith 
the  possibility  of  eliminating  Miring  from  an  aircraft. 
Reaponaes  tended  toeard  that  Mhich  is  currently  feasible. 

Thera  are  three  possible  reasons  the  responses  may  have 
been  more  parochial  than  intuitive.  Th©  first  is  the  scope 
of  the  questions.  The  questions  may  have  been  too  limited. 
They  may  have  inad verdantly  directed  attention  tOMard 
parochial  solutions.  A  second  possible  reason  is  perhaps 
the  logistics  experts  are  too  narrowly  focused  on  current 
problems  and  solutions.  The  experts  may  have  a  hard  time 
disassociating  themselves  from  their  dally  efforts  in  the 
logistics  arena  to  back  up  and  take  a  fresh  look  at  where 
they  would  like  to  sea  things  going  in  the  future.  A  third 
possibility  la  a  combination  of  both.  The  scope  of  the 
questions  were  too  limited  and  the  perspective  of  the 
selected  logisticians  was  too  narrow.  This  combination  may 
have  resulted  in  the  short-range  responses  received. 

The  resulting  aircraft  description  in  the  last  chapter 
works  to  eliminate  many  of  the  logistics  support  problems  of 
current  aircraft  but  not  their  requirements.  Periodic 
maintenance  of  some  type  is  still  required,  as  is  servicing 
before  and  after  a  mission.  Parts  on  this  aircraft  will 
wear  out  although  failure  rates  would  be  lower  and  parts 
would  be  easier  to  replace. 


The  alMtnta  described  would  ba  a  boon  to  oparatlonal 
coaaandars  bacauaa  thay  would  aliminata  much  of  tha 
const dar at ion  of  aircraft  availability  that  af facta 
oparational  planning.  It  would  not  go  aa  far  aa  to 
aliainata  logiatica  aupport  froa  tactical  conaidarationa  but 
would  do  much  to  raduca  it. 

Racoawandat i ona 

Tha  taak  of  daacribing  a  logiatically  idaal  aircraft  ia 
of  auch  magnltuda  that  ona  raaaarch  affort  cannot  giva  it 
aufficiant  attantion  to  addraaa  all  tha  avidant  iaauaa. 

Thia  atudy  touchaa  tha  aurfaca  but  aarvaa  aa  a  atarting 
point  for  furthar  raaaarch. 

□na  poaaibla  raaaarch  affort  could  ba  focuaad  on 
expanding  upon  thia  atudy  to  draw  out  mora  futuristic  idaaa 
from  othar  logiatica  experts.  If  thay  could  ba  ancouragad 
to  complataly  diaaaaociata  thaaaalvas  with  currant  thought 
and  project  forward,  parhapa  a  logiatically  idaal  aircraft 
could  truly  ba  dascribad.  Thia  would  provida  a  targat  for 
logiatica  plannara  and  waapona  daaignara  to  work  from. 

Raaaarch  could  alao  ba  conduct ad  on  any  of  tha 
particular  araas  daacribad  in  tha  pracadlng  chaptar.  For 
example,  tha  avionica  daacribad  could  bo  atudlad  in  datail. 
So  many  subsystems  wars  studied  that  none  of  them  could  bo 
analyzed  in  datail.  A  raaaarch  atudy  with  limited  scope 
could  carry  out  an  in  depth  analysis  of  any  ona  of  the 
al omenta  of  the  logiatically  ideal  aircraft  described  in 
chaptar  4. 


Another  rmarch  study  eould  look  st  ths  cest/benef its 
of  implementing  t.he  slsmsnts  of  a  logisticslly  ideal 
aircraft  in  ths  short-run.  Naturally*  additional  funds 
would  nssd  to  bo  expended  up  front  prior  to  ths  fielding  of 
an  aircraft  but  the  benefits  of  reduced  maintenance  action 
after  the  aircraft  is  fielded  may  outweigh  the  initial  cost. 

The  logistical ly  ideal  aircraft  is  not  a  futuristic 
dream.  This  document  should  serve  as  a  basis  for  specifying 
the  ultimate  logistical  goal  to  be  achieved.  Once  this  goal 
is  clearly  identified,  the  means  to  achieving  that  goal  can 
be  found. 


Appendix  Ai  Round  Ono  guestionnaire 
INSTRUCTIONS 

OBJECTIVE 

To  solicit  opinion  as  to  what  is  important  in  the 

description  of  the  loglstically  ideal  aircraft  for 

the  2000 'a  and  beyond. 

GENERAL  INSTRUCTIONS 

A.  The  following  topics  are  not  Intended  to  be 
complete,  exhaustive,  or  comprehensive.  It 

is  a  partial  list  of  topics  designed  to  stimulate 
thought  and  generate  ideas  in  a  brainstorming 
manner. 

B.  Your  participation  and  thoughts  are  very  important 
to  the  success  of  this  research.  Even  incomplete  or 
vaguely  related  ideas  may  stimulate  the  thoughts  and 
contributions  of  other  participants  in  subsequent 
iterations  in  which  no  names  are  used. 

C.  This  questionnaire  is  the  first  of  three  iterations. 
Each  iteration  should  not  take  more  than  one  hour 
to  complete.  Upon  completion  of  each  Iteration, 
your  responses  will  be  tabulated  and  feedback  will 
be  provided  for  the  fallowing  iteration.  No  names 
will  be  used. 

D.  Following  completion  of  the  third  iteration,  the 
final  results  and  comments  will  be  provided  to  you. 
If  you  would  like  a  copy  of  our  completed  thesis, 
please  advise  us  so  we  may  enter  you  on  the  mailing 
list. 

SPECIFIC  INSTRUCTIONS 

A.  Please  be  as  specific  as  possible  as  you  respond 
to  each  question  or  statement. 


B.  Please  feel  free  to  include  any  suggestions  of 
alternate  topics,  further  comments  on  selected 
topics,  and/or  your  past  experience  which  relates 
to  the  topics. 

C.  Please  feel  free  to  continue  comments  on  additional 
paper  or  the  back  of  the  questionnaire. 

D.  The  final  page  of  the  questionnaire  is  for  additional 
topics  or  ideas  not  discussed  in  the  questionnaire. 


DELPHI  TECHNIQUE 


Tha  traditional  Dal  phi  tachniqua  was  davalopad  -for 
soliciting  ax part  opinion  on  a  variaty  of  topics  by  tha 
Rand  Corporation.  Tha  tachniqua  usas  a  sarias  of  itaratlons 
to  raach  a  consensus, or  general  consensus,  on  questions 
of  a  theoretical  nature.  Feedback  is  used  to  allow 
participants  to  ravisa  their  responses  at  any  time  or 
to  continue  with  thair  pravious  responses. 

Anonymity  is  one  of  tha  significant  advantages  of 
tha  Delphi  tachniqua.  Anonymity  is  necessary  to  achieve 
the  best  exchange  of  Information.  The  researchers  request 
you  refrain  from  discussing  your  participation  in  the 
Delphi  process  until  the  survey  is  completed. 


1.  AIRCRAFT  SUBSYSTEMS!  An  Aircraft  conaiata  of  many 
aubayatama  (on.  airframe,  anginas,  ate).  List  and  rank 
ordar  what  you  consider  to  be  the  top  five  aubayatama  as 
sources  of  logistic  problems  (Number  one  being  the 
subsystem  with  the  most  logistic  problems).  Please 
enplain  your  choices  briefly. 


2.  AIRCRAFT  COMPONENTS!  Identify  and  rank  order  what 
you  consider  to  be  the  top  five  aircraft  components  that 
causa  logistics  problems.  Please  briefly  explain  your 
choices. 


In  one  or  two  sentences  for  each,  how  would  you  correct 
the  problems  identified  above  for  systems?  for 
components? 


3.  LOGISTIC  AREASi  Logistics  covers  -four  main  areas i 
supply i  transportation,  maintenance,  and  procurement. 
Please  rank  order  these  -from  the  most  to  the  least 
problems  and  brie-fly  describe  the  major  problems  and 
why  they  exist. 


4.  FACILITY  PROBLEM81  Identify  and  rank  order  the  top 
five  facility  problems  you  perceive  with  respect  to  aircraft 
logistics  and  briefly  explain  why. 


S.  GROUND  SUPPORTi  Identify  and  rank  order  what  you 
perceive  to  be  the  top  five  aircraft  ground  support 
equipment  problems  and  briefly  explain  why. 


6m  DIAGNOSTIC  CAPABILITYi  A re  aome  Aircraft  aubayatema 
harder  to  troubleehoot  than  othars?  If  ao,  identify  and 
rank  order  the  top  five  aubayatams  that  hava  diagnoatic 
capability  problema  and  briefly  explain  why. 


7.  TRAININGi  Do  you  conaidar  the  average  aircraft 
maintenance  peraon  to  be  aufficiently  trained  and 
capable  to  accompliah  their  miaaion?  Explain. 


8.  MAINTENANCE  PERSONNEL i  Should  aircraft  be  deaigned 
ao  that  flight  line  maintenance  per aonnel  ahould  be 
apecialiata  or  general iata?  Explain. 


9.  LOGISTIC ALLY  IDEAL  AIRCRAFT*  What  thoughts  would  you 
employ  If  you  were  assigned  tho  task  to  dsscrlbs  ths 
logistically  idsal  aircraft? 


10.  BATTLE  DAMAQEi  What  design  features  should  bs 
incorporated  in  an  aircraft  to  increase  immediate 
repair  capability  for  battle  damage? 


ADDITIONAL  CQMMENT8 


Appendix  Bt  Round  Two  Bugrtionnilra 


1.  AIRCRAFT  SUBSYSTEMS!  An  aircraft  consists  of  many 
subsystems  <sx.  airframe,  anginas,  ate).  List  and  rank 
ordar  what  you  considar  to  ba  tha  top  fiva  subsystams  as 
sourcas  of  logistic  problams  (Numbar  on a  baing  tha 
subsystam  with  tha  most  logistic  problams).  Plaasa 
axplaln  your  choicas  briafly. 


RESULTS!  Eight  individuals  agraad  that  avionics 
is  a  major  sourca  of  logistic  problams  and  fiva 
individuals  agraad  that  anginas  wars  ona  sourca  of 
logistic  problams.  Tha  following  ara  tha  subsystams 
that  wars  idantifiad  by  at  laast  two  individuals,  in 
order  of  agraamant. 


Avionics 
Enginas 
Hydraul i cs 
Landing  Saar 
Airframa 
El actr i c/Powar 
Fual  Systems 
Flight  Control 
Fire  Control 
Propulsion 


Please  review  your  previous  response  and,  in  light 
of  the  above  information,  reaccompllsh  question  1. 


2.  AIRCRAFT  COMPONENTS*  Identify  and  rank  ordar  what 
you  cons! dor  to  bo  tho  top  five  aircraft  compononto  that 
cauoo  logistics  problems.  Ploaso  briofly  explain  your 
choices. 


RESULTS!  Five  individuals  agreed  that  components 
Involving  a  black  box/line  replaceable  units  cause  the 
most  logistic  problems  while  one  individual  indicated 
these  problems  will  vary  with  individual  types  of 
aircraft.  The  following  are  the  components  that  were 
identified  by  at  least  two  individuals,  in  order  of 
agreement. 


Black  box /LRU 

Hydr aul 1 cs , Pnumoni cs 

Fuel  System  components 

Radar 

Actuators 

Electronic  components 
Fuel  control s 
Connectors 
Avionics 
Landing  Bear 


Please  review  your  previous  response  and,  in  light 
of  the  above  Information,  reaccomplish  question  2. 
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3.  LOGISTIC  AREAS i  Logistics  covers  four  main  areas i 
supply*  transportation*  maintenance*  and  procurement. 
Please  rank  order  these  from  the  most  to  the  least 
problems  and  briefly  describe  the  major  problems  and 
why  they  exist. 


(RESULTS i  Five  individuals  indicated  the  areas 
identified  above  do  not  adequately  describe  the 
logistics  function.  Other  areas  identified  includes 
requirements  determination*  design  data  base*  and 
computer  aided  design /computer  aided  manufacturing. 
One  individual  said  all  four  areas  identified  above 
are  of  equal  importance  and  cannot  be  distinguished 
by  "most  to  least  problems."  Of  the  four  areas 
identified,  the  rank  order  listing  is  as  foil owes 

Maintenance 
Supply 
Procurement 
Tr ansportat 1 on 


Please  review  your  previous  response  and,  in  light 
of  the  above  information,  reaccomplish  question  3. 


4.  DIAGNOSTIC  CAPABILITYi  Arm  momm  Aircraft  subsystems 
harder  to  troublaahoot  than  othara?  If  so,  identify  and 
rank  order  the  top  five  subeyeteee  that  have  diagnostic 
capability  probleee  and  briefly  explain  why. 


RESULTS!  Seven  individuale  agreed  that  eoee 
subeyeteee  are  harder  to  diagnose  than  others. 

Two  individuals  disagreed.  The  following  are  the 
subsystees  that  were  identified,  in  order  of 

agreeeent. 


Avionics 

Engines/Bleed  Air 
Radars 
Electrical 
Electronic  warfare 
Instrument at i on 
Communi cations 
Flight  controls 
Environmental  systems 


Please  review  your  previous  response  and,  in  light 
of  the  above  information,  reaccomplish  question  4. 
(question  6  in  the  first  iteration) 
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S.  TRAINING*  Do  you  consider  the  average  aircraft 
maintenance  parson  to  ba  aufflciantly  trainad  and 
capabla  to  accoaplish  thair  mission?  Explain. 


RESULTS i  Threa  individuals  agreed  that  tha 
avsraga  aircraft  aaintananca  parson  is  aufflciantly 
trainad,  while  fiva  Individuals  dlaagraad.  On a 
individual  statad  it  was  a  function  of  tha 
aaintananca  skill  araa.  Tha  following  raasons 
wars  glvsni 

-  auffl cl ant  training  but  with  a  nawly  introducad 
systaa  thara  is  a  lag  whila  parsonnal  laarn. 

-  sufficient  foraal  training,  but  naad  agrassiva  DJT 

-  sufficient  training,  overall 

-  all  should  ba  trainad  as  APS's  first.  Than  after 
thair  first  reenllstaent ,  special iza  as  necessary. 

-  only  trainad  enough  to  bo  dangerous  in  tha  tech¬ 
nical  schools  and  than  turned  loose  with  in¬ 
sufficient  flight  line  supervision.  Thara  should 
bo  an  automated  engineering  data  bass  to  load  the 
technicians  stap-by-stap  in  repairing. 

-  Abolish  FTQ. 

-  aaintananca  is  overly  weighted  toward  first-term 
airman.  Wo  naad  retention  of  ax par lanced  NCO's 
on  tha  flight  line. 

-  crow  chiefs  gat  only  35  days  of  familiarization 
at  Sheppard  AFB  bafora  being  sent  to  tha  unit. 


Please  review  your  previous  response  and,  in  light 
of  tha  above  information  raaceompllsh  question  5. 
(question  7  in  tha  first  iteration) 


«  8? 


MAINTENANCE  PERSONNEL!  Should  aircraft  ba  daaignad 
that  flight  lino  maintenance  paraonnol  should  bo 
acialioto  or  gonorallsta?  Explain. 


RESULTS!  Eight  individual*  agrood  that  maintenance 
porsonnol  should  bo  gonoralists  while  on#  individual 
lndicatod  that  malntonanco  porsonnol  should  bo 
specialists.  Tho  following  roasons  wars  glvani 

-  too  many  undor-utilizod  specialists  now 

-  currant  spaclalist  structure  a  bur don  to  wartime 
commanders. 

-  naod  a  few,  backup  spocialists. 

-  start  as  a  specialist,  but  move  to  a  generalist 
as  the  individual's  experience/grade  increase. 

-  need  generalists  to  support  wartime  dispersals 
but  too  much  time  is  required  to  adequately 
train  a  generalist  given  the  complexity  of  the 
weapon  systems  of  today. 

-  a  broader  area  of  maintenance  knowledge  will  help 
in  handling  the  peaks  and  valleys  of  the 
maintenance  workload. 

-  APS's  should  handle  all  on-equipment  maintenance. 
Specialists  should  handle  off -equipment  maintenance 
in  field  repair  facilities  and  depots.  This  would 
cut  Air  Farca  maintenance  manpower  requirements  by 
at  least  SO  percent. 


Please  review  your  previous  response  and,  in  light 
of  the  above  information,  reaccomplish  question  6. 
(question  8  in  the  first  iteration) 


7.  COMPLEXITY!  Should  mo  hovo  many  simple,  inexpensive, 
limited  capability  aircraft  or  a  fee,  complex,  expensive, 
multipurpose  aircraft?  Explain. 


8.  DE8ISNI  Should  an  aircraft  be  designed  with  the 
idea  of  pilot  performed  maintenance  in  mind?  Explain. 


9.  FUTURE  SERVICE!  The  number  of  teenagers  eligible  for 
military  service  is  predicted  to  decline  by  24%  over  the 
next  too  decades.  Will  this  Impact  the  role  of  logistic 
supportablllty  far  aircraft?  If  so,  what  should  be 
considered  in  aircraft  design  to  overcome  this  problem? 
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